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Population  Ecology  of  the  Mallard 
VII.  Distribution  and  Derivation  of  the  Harvest 


by 

Robert  E.  Munro  and  Charles  F.  Kimball 

U.S.  Fish  and  Wildlife  Service 
Migratory  Bird  and  Habitat  Research  Laboratory 
Division  of  Wildlife  Ecology  Research 
Laurel,  Maryland  20708 


Abstract 


This  is  the  seventh  in  a  series  of  comprehensive  reports  on  population  ecology  of  the  mallard  (Anas 
platyrhijnchos)  in  North  America.  Banding  records  for  1961-1975  were  used,  together  with  information 
from  previous  reports  in  this  series,  to  estimate  annual  and  average  preseason  age  and  sex  structure 
of  the  mallard  population  and  patterns  of  harvest  distribution  and  derivation.  Age  ratios  in  the  pre¬ 
season  population  averaged  0.98  immatures  per  adult  and  ranged  from  0.75  to  1.44.  The  adult  male 
per  female  ratio  averaged  1.42,  The  young  male  per  female  ratio  averaged  1.01 .  Geographic  and  annual 
differencas  in  recovery  distributions  were  associated  with  age,  sex,  and  years  after  banding.  Such  variation 
might  indicate  that  survival  or  band  recovery  rates,  or  both,  change  as  a  function  of  number  of  years 
after  banding,  and  that  estimates  of  these  rates  might  thus  be  affected.  Distribution  of  the  mallard  harve.st 
from  16  major  breeding  ground  reference  areas  to  States,  Provinces,  and  fly  ways  is  tabulated  and  illus¬ 
trated.  Seasonal  (weekly)  breeding  ground  derivation  of  the  harvest  within  States  and  Provinces  from 
the  16  reference  areas  also  is  tabulated.  Harvest  distribution,  derivation,  and  similarity  of  derivation 
between  harvest  areas  are  summarily  illu.strated  with  maps.  Derivation  of  harvest  appears  to  be  con- 
.sistent  throughout  the  hunting  sea.son  in  the  middle  and  south  central  United  States,  encompassing  States 
in  both  the  Central  and  Mississippi  fly  ways.  However,  weekly  derivation  patterns  for  most  northern 
States  suggest  that  early  dates  of  hunting  result  in  relatively  greater  harve.st  of  locally  derived  mallards, 
in  contrast  to  birds  from  more  northern  breeding  areas. 


This  is  the  seventh  in  a  series  of  reports  on  the  population 
ecology  of  the  mallard  (Anas  platyrhynchos).  The  report 
series  uses  a  sequential  approach  whereby  information  pre¬ 
sented  in  earlier  reports  is  used  for  background  and  devel¬ 
opment  in  subsequent  reports.  The  first  report  (Anderson 
and  Henny  1972)  discussed  the  history  of  waterfowl  research 
and  management  in  North  America,  reviewed  previous 
mallard  studies,  and  delineated  16  major  and  44  minor  ref¬ 
erence  areas  for  the  breeding  range  of  the  mallard.  The 
second  report  (Pospahala  et  al.  1974)  discussed  mallard 
breeding  habitat  conditions,  breeding  mallard  populations, 
and  productivity.  Breeding  population  estimates,  estab¬ 
lished  according  to  reference  areas  given  in  the  first  report, 
are  used  in  our  report.  Anderson  et  al.  (1974)  presented  a 
bibliography  of  published  literature  on  the  mallard  in  the 
third  report  in  the  series. 

The  fourth  report  (Martin  and  Carney  1977)  reviewed 
and  summarized  long-term  hunting  regulations,  duck  stamp 
sales,  and  harvest  survey  statistics  with  special  reference 
to  the  mallard.  Post- 1960  harvest  data  were  summarized 
by  harvest  area,  State,  and  fly  way.  The  fifth  report  (Ander¬ 


son  1975)  presented  annual  estimates  of  survival,  band  re¬ 
covery  rates,  and  harvest  rates  of  the  mallard  in  North 
America.  These  estimates  were  made  for  each  age  and  sex 
category  banded  presea.son  in  previously  defined  reference 
areas  (Anderson  and  Henny  1972).  The  sixth  report  (Ander¬ 
son  and  Burnham  1976)  examined  the  effect  of  hunting  on 
annual  survival  rates  of  the  mallard. 

The  following  objectives  are  addressed  in  this  report: 

•  Estimate  preseason  age  and  sex  structure  of  the  conti¬ 
nental  population 

•  Compare  for  all  age  and  sex  categories  the  geographic 
distribution  of  recoveries  from  major  reference  areas 

•  Describe  geographic  distribution  of  the  harvest  among 
States  and  Provinces  as  indicated  by  band  recoveries  from 
each  major  breeding  ground  reference  area 

•  Describe  geographic  and  seasonal  derivation  of  the  har¬ 
vest  within  each  State  and  Province  as  represented  by  popu¬ 
lation-weighted  band  recoveries  from  the  various  breeding 
ground  reference  areas. 

Several  studies  of  the  distribution  of  mallard  band  re¬ 
coveries  from  various  locations  in  the  breeding  range  were 
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cited  in  Anderson  and  Henny  (1972).  However,  using  band 
recoveries  to  represent  distribution  and  derivation  of  the 
harvest  is  more  complex.  Crissey  (1955)  discussed  the  prob¬ 
lems  associated  with  using  banding  data  to  determine 
waterfowl  migration  and  distribution.  Previous  harvest  dis¬ 
tribution  and  derivation  studies  include  those  of  Geis  (1971, 
1972)  on  mallards,  Geis  et  al.  (1971)  on  black  ducks  {Anas 
rubripes),  Bowers  and  Martin  (1975)  and  Bowers  and 
Hamilton  (1978)  on  wood  ducks  (Aixsponsa),  and  Stewart 
et  al.  (1958)  and  Geis  (1974)  on  canvasbacks  {Aythya  valisi- 
neria) . 


Methods 

Definition  of  Terms 

Age  at  banding: 

Adult  — a  bird  known  to  have  hatched  before  the 
calendar  year  of  banding. 

Immature  — a  young  bird  capable  of  sustained  flight, 
hence  not  necessarily  hatched  in  the  vicinity  of  banding. 
Local  — a  young  bird  incapable  of  sustained  flight,  thus 
hatched  locally  in  the  vicinity  of  banding. 

Young— a  bird  known  to  have  hatched  during  the 
calendar  year  in  which  it  was  banded  (i.e.,  immature 
or  local). 

Band  reporting  rate  —  the  proportion  of  banded  birds  taken 
by  hunters  that  is  reported  to  the  Bird  Banding  Labora¬ 
tory  (see  Henny  and  Burnham  1976). 

Breeding  population  estimates  — annual  population  esti¬ 
mates  of  adult  birds  in  breeding  reference  areas,  based 
primarily  on  aerial  surveys  (see  Pospahala  et  al.  1974). 

Breeding  ground  reference  area  —  several  preseason  band¬ 
ing  stations  located  in  the  same  general  area  that  display 
similar  recovery  distribution  patterns  (see  Anderson  and 
Henny  1972).  Several  of  these  areas  {SE  Saskatchewan, 
SW  Manitoba,  Missouri  River  Basin,  and  Great  Lakes 
collectively)  are  used  in  this  report  to  approximate  the 
proposed  Mid-Gontinent  Waterfowl  Management  Unit 
(Office  of  Migratory  Bird  Management,  personal  com¬ 
munication). 

Harvest  —  retrieved  hunting  kill. 

Harvest  areas  — States  and  Provinces  except  (1)  States  from 
Montana  south  to  New  Mexico,  which  are  split  along  a 
boundary  between  the  Pacific  and  Central  fly  ways,  and 
(2)  Central  Flyway  States  from  North  Dakota  south  to 
Texas,  which  are  split  along  the  100th  meridian.  The 
latter  division  separates  the  High  Plains  Mallard  Man¬ 
agement  Unit  from  the  rest  of  the  Central  Flyway,  which 
we  will  refer  to  as  the  “Low  Plains”  (Hyland  and  Gabig 
1980). 

Harvest  distribution  -  for  each  breeding  ground  reference 
area,  the  distribution  of  harvest  (i.e.,  band  recoveries 
adjusted  for  reporting  rate). 


Harvest  derivation  —  for  each  harvest  area,  the  derivation 
(sources)  of  harvest  (i.e.,  band  recoveries  adjusted  for  re¬ 
porting  rate  and  weighted  for  population  size). 
Harvest  rate  —  the  proportion  of  the  population  harvested, 
estimated  by  dividing  the  recovery  rate  by  the  band  re¬ 
porting  rate. 

Harvest  survey  — the  waterfowl  questionnaire  and  wing- 
collection  survey,  collectively. 

Hunting  season  — a  variable  period  within  the  inclusive 
dates  of  1  September  through  15  February. 

Hunting  season  shot  (HSS)  code  — the  number  of  hunting 
seasons  that  a  bird  survived  before  it  was  shot. 
Preseason  banding  period  - 1  July  through  30  September, 
except  when  locally  curtailed  by  early  hunting  seasons. 
Preseason  population  —  the  population  present  during  the 
preseason  banding  period.  Preseason  age  and  sex  struc¬ 
ture  pertains  to  the  population  at  the  midpoint  of  the 
banding  period. 

Recovery  —  a  banded  bird  killed  or  found  dead  and  reported 
to  the  Bird  Banding  Laboratory. 

Direct  recovery  — a  banded  bird  recovered  the  first 
hunting  season  after  banding  (HSS-1). 

Indirect  recovery  —  a  banded  bird  recovered  in  any  hunt¬ 
ing  season  following  the  first  hunting  season  after 
banding  (HSS2-N,  as  in  2nd  through  Mh  season). 
Recovery  rate  —  the  proportion  of  banded  birds  that  is  re¬ 
covered  and  reported  to  the  Bird  Banding  Laboratory. 
Waterfowl  questionnaire  surveys  — annual  questionnaire 
surveys,  conducted  independently  by  the  United  States 
Fish  and  Wildlife  Service  and  the  Canadian  Wildlife 
Service,  to  estimate  the  harvest  of  major  categories  of 
waterfowl  (e.g.,  ducks,  geese). 

Waterfowl  wing-collection  surveys  —  annual  collections  of 
wings  submitted  by  hunters,  which  are  used  to  estimate 
the  species,  age,  and  sex  composition  of  the  harvest. 

Sources  of  Data 

Banding  and  Recovery  Data 

Records  of  “normal  wild”  mallards  banded  preseason 
from  1961  through  1975  are  used  in  this  report.  Selected 
recovery  records  include  only  birds  shot  or  found  dead  dur¬ 
ing  the  1961-75  hunting  seasons  that  had  been  banded 
within  the  study  years.  These  selections  provided  697,530 
banding  records  and  109,588  recovery  records. 

Breeding  Population  Surveys 

Aerial  surveys  of  waterfowl  on  their  breeding  grounds 
were  initiated  in  1947.  These  surveys  have  been  described 
by  Stewart  et  al.  (1958)  and  discussed  by  Crissey  (1957), 
Diem  and  Lu  (1960),  and  Martinson  and  Kaczynski  (1967). 
For  1955-1973,  Pospahala  et  al.  (1974)  estimated  that  the 
aerial  survey  sampled  an  average  of  84%  of  the  North 
American  mallard  breeding  population.  Population  esti¬ 
mates  are  available  for  mallards  breeding  in  some  areas 
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outside  those  covered  by  aerial  surveys.  These  additional 
estimates  are  based  on  Provincial  and  State  surveys  and  sub¬ 
jective  estimates  from  waterfowl  biologists  (Pospahala  et  al. 
1974).  Mallard  breeding  population  estimates  used  in  this 
report  are  shown  in  Appendix  Table  A-1. 

Band  Reporting  Rates 

Henny  and  Burnham  (1976)  identified  three  factors, 
based  on  results  of  a  recent  reward  band  study,  that  influ¬ 
ence  band  reporting  rates:  (1)  band  collecting  by  conser¬ 
vation  officials,  (2)  distance  of  band  recovery  from  the 
banding  site,  and  (3)  general  intensity  of  banding  effort 
relative  to  hunter  success.  Band  reporting  rate  adjustments, 
which  were  applied  only  to  recoveries  that  were  submitted 
directly  by  hunters,  are  shown  in  Table  A-2. 

Harvest  Surveys 

From  1952  to  1960  the  size  and  species  composition  of 
the  waterfowl  harvest  in  the  United  States  were  estimated 
through  an  annual  mail  questionnaire  survey  of  waterfowl 
hunters.  In  1961  the  questionnaire  survey  was  supplemented 
by  a  wing-collection  survey,  thus  allowing  a  more  direct 
estimate  of  (1)  the  species  composition  of  the  harvest  (for¬ 
merly  obtained  through  the  questionnaire),  and  (2)  age  and 
sex  composition  of  the  species  harvested.  Comparable 
information  was  not  available  for  the  Canadian  waterfowl 
harvest  until  1967.  Details  concerning  the  harvest  surveys 
are  presented  in  Martin  and  Carney  (1977).  Harvest  survey 
data  are  used  in  this  report  to  estimate  (1)  age  and  sex 
structure  in  the  continental  mallard  population  before  the 
hunting  season,  and  (2)  harvest  distribution  for  compari¬ 
son  with  that  shown  by  banding  data  analysis. 

Procedures 

Estimation  of  Annual  Age  and  Sex  Structure  of  the 
Preseason  Population 

Banding  and  recovery  data,  when  used  to  estimate  har¬ 
vest  derivation,  require  weighting  to  adjust  for  variation 
in  populations  and  banding  effort.  We  therefore  need  to 
estimate  the  preseason  age  and  sex  structure  of  the  popula¬ 
tion  to  better  utilize  estimates  of  mallard  numbers  in  the 
various  breeding  ground  reference  areas.  This  information, 
combined  with  banding  effort,  provides  an  estimate  of  the 
number  of  mallards  represented  by  each  banded  bird  as 
shown  in  the  following  procedures. 

Breeding  population  estimates  (B)  apply  to  an  unknown 
mix  of  adult  males  and  adult  females.  We  need  an  estimate 
of  the  sex  composition  of  the  population  because  the  sexes 
are  not  banded  in  proportion  to  their  abundance,  and  are 
known  to  differ  in  likelihood  of  survival  and  other  charac¬ 
teristics  (Anderson  1975).  We  also  need  an  estimate  of  the 
production  of  young  in  order  to  include  young  birds  and 
adults  in  the  harvest  estimates.  These  needs  are  met  by  mak¬ 


ing  “indirect  population  estimates”  for  each  age  and  sex 
category.  If  we  use  an  independent  estimate  of  the  total 
mallard  harvest  {H)  provided  by  the  harvest  survey  for 
year  t,  then  an  estimate  of  the  continental  preseason  popu¬ 
lation  {Nf)  can  be  made  for  each  year: 

N(  =  where  fif  is  the  total  harvest  rate  for  year  t. 

The  total  harvest  rate  for  a  given  year  is  computed  as 
the  sum  (over  the  16  major  reference  areas)  of  the  products 
of  the  harvest  rate  in  year  t  from  area  i  (/i^ ,)  and  the 
proportion  of  the  continental  breeding  population  estimate 
in  year  t  from  area  i 

16 
/  ^  1 

If  we  let  AM,  AF,  YM,  and  YF  represent  adult  males,  adult 
females,  young  males,  and  young  females,  respectively,  then 
the  equation  for  estimating  the  continental  preseason  popu¬ 
lation  of  adult  males  (N/,am)  ^  given  year  is: 

16 

^  (PiyPt)]  (1) 

i  =  1 

The  age  and  sex  structure  defined  by  these  indirect  estimates 
(Equation  1)  provided  our  estimate  of  the  preseason  age 
and  sex  structure  of  the  continental  population. 

Each  reference  area  is  allocated  a  portion  of  the  conti¬ 
nental  population  corresponding  to  the  size  of  its  breeding 
population  estimate: 

^t,AM,i  =  [^t,AMd^t  ,iAM  +  AF)]  (2) 

where  i  =  1,  2,  .  .  .  ,  16  areas 

,(AM  + AF)]  ^<,1  (^) 

Assuming  an  even  sex  ratio  for  young  birds  (Bellrose  et  al. 
1961;  Anderson  1975)  in  the  population, 

=  ^^YF,i  =  ^<^2  [iV^  (YM+YF)^^<,(AM  +  AF)]  (4) 

Thus  the  age  and  sex  structure  of  the  population  assigned 
to  each  reference  area  is  the  same  as  that  of  the  continental 
population. 

Assumptions  inherent  in  the  above  formulations  include 
(1)  the  populations  remain  unchanged  during  the  preseason 
banding  period;  (2)  the  banded  samples  are  representative 
of  the  populations  with  respect  to  mortality,  movement, 
and  migration;  (3)  the  harvest  area  (United  States)  is  large 
enough  to  include  an  adequate  sample  from  all  banded 
populations;  (4)  recruitment  is  uniform  among  all  popula¬ 
tions;  (5)  the  adult  sex  ratio  is  uniform  among  all  popula¬ 
tions;  and  (6)  band  reporting  rates  are  accurately  estimated. 

Unfortunately,  movement  (1)  between  the  time  of  survey 
(May)  and  banding  (July,  August,  and  September)  occurs 
to  an  unknown  extent  (e.g.,  Crissey  1955);  banding  (2)  is 
not  widespread  within  all  reference  areas;  age  and  sex  ratios 
(4,  5)  vary  over  the  breeding  range,  and  band  reporting 
rates  (6)  may  not  be  accurately  estimated  (Conroy  and 
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Williams  1981) .  However,  we  cannot  obtain  appropriate 
data  for  use  in  an  alternative  procedure,  i.e.,  one  that  recog¬ 
nizes  differences  among  breeding  reference  areas  in  popu¬ 
lation  age  and  sex  structure.  Thus  we  are  limited  to  the 
approach  described  in  the  above  equations. 

Estimation  of  Harvest  and  Harvest  Rate  of  the 
Banded  Sample 

The  harvest  of  banded  birds  and  harvest  rates  of  the 
banded  samples  are  estimated  as  shown  below,  because  all 
recovered  bands  are  not  reported.  Let 

N\i  =  the  number  of  birds  banded  in  year  t,  area  i; 
=  the  number  of  birds  banded  in  year  area  i,  and 
recovered  in  the  hunting  season  of  year  t; 
i  =  the  estimated  recovery  rate  of  the 

banded  sample  in  year  t,  area  i;  and 
=  the  reporting  rate  for  year  t,  as  estimated  by 
Henny  and  Burnham  (1976). 

The  number  of  banded  birds  harvested  is  estimated 
by  the  number  of  banded  birds  recovered  divided  by  the 
reporting  rate: 

H\i  -  R\/\ 

The  estimated  harvest  rate  (/i^  i)  of  the  banded  sample 
equals  the  recovery  rate  divided  by  the  reporting  rate: 

Estimation  of  Harvest  of  the  Population 

Harvest  estimation  relies  upon  the  relationship  described 
by  the  Petersen  estimate  or  “Lincoln  Index.”  If  we  let 

Nf  j  =  estimated  number  of  birds  in  the  ith  popula¬ 
tion  where  i  =  1,  2,  ...  ,  16, 

Hf  i  =  estimated  number  of  birds  harvested  from  the 
ith  population, 

i  ^  number  of  banded  birds  in  the  ith  popula¬ 
tion,  and 

.  =  estimated  number  of  banded  birds  harvested 

from  the  ith  population,  then 

=  H\/Ny  (5) 

and 

Ki  =  Hy{N,/Ny)  (6) 

Equation  (6)  emphasizes  the  concept  of  (N^yN'tj)  as  a 
“weighting  factor”  (Stewart  et  al.  1958;  Geis  1972)  by  which 
the  number  of  banded  birds  harvested,  that  were  banded 
in  area  i,  must  be  multiplied  to  give  the  total  (banded  and 
unbanded)  harvest  of  birds  from  the  population  in  area  i. 
The  weights  are  thus  the  estimated  populations  (Nfj)  ob¬ 
tained  from  Equations  (2)  to  (4)  divided  by  the  number  of 
birds  banded  y 

However,  we  encountered  substantial  problems  with  this 
approach.  Some  population  segments  were  not  banded  in 
some  years  and  consequently  could  not  be  represented  in 


the  harvest.  Small  sample  sizes  (with  large  population 
weights)  overwhelmed  harvest  derivation  estimates  based 
on  preliminary  results.  An  obvious  and  often  used  solution 
to  both  problems  would  be  to  eliminate  small  samples  of 
banded  birds,  i.e.,  not  include  the  breeding  area. 

We  decided  on  an  alternative  approach  to  alleviate  these 
problems.  For  each  reference  area  we  summed  the  breeding 
population  estimate  over  the  15-year  study  period: 

15 

Bi  =  E  Bi^  where  i  =  1,  2,  .  .  .  ,  16  areas; 

;=  1 

j  =  1,  2,  .  .  .  ,  15  years. 

We  also  summed,  for  each  age  and  sex  class,  the  numbers 
banded  {N\)  during  the  15-year  study  period.  Thus,  for  adult 
males  we  have 

15 

^\,AU  =  ^  A" 

i^i 

Then  the  population  weight  for  adult  males  from  the  ith 
area  in  the  /th  year  is 

=  6il^i,j,AM^^i,j{AU  +  AF)V^'iAM  i'^) 

where  the  bracketed  term  is  the  proportion  of  adult  males 
to  total  adults  in  the  preseason  population  in  the  /th  year. 
Calculations  are  similarly  performed  for  the  other  age  and 
sex  classes.  This  procedure  introduces  errors  in  population 
weighting  within  individual  years,  but  it  greatly  reduces 
variability  in  population  weights  among  years.  Population 
weights  used  in  this  study  are  shown  in  Table  A-3. 

Testing  for  Similarity  in  Band  Recovery 
Distribution  Patterns 

The  comparison  of  geographic  distributions  of  band  re¬ 
coveries  in  this  report  has  two  major  objectives:  (1)  to  detect 
similarities  or  differences  of  significance  to  harvest  man¬ 
agement,  and  (2)  to  ascertain  categories  that  may  be  com¬ 
bined  (appear  to  be  from  the  same  population)  and  thereby 
obtain  more  reliable  information  as  a  result  of  larger  sample 
sizes.  Categories  which  may  be  examined  with  the  above 
objectives  in  mind  include  (singly,  or  in  selected  combina¬ 
tions)  banding  locations,  age,  sex,  year(s)  of  banding  or 
recovery,  direct  and  indirect  recoveries,  and  calendar  time 
of  banding  or  recovery.  For  example,  we  may  wish  to  com¬ 
pare  the  recovery  pattern  of  immature  male  mallards 
banded  in  year  i  and  recovered  in  year  i  +  1  (indirect  re¬ 
coveries)  with  the  recovery  pattern  of  adult  male  mallards 
banded  and  recovered  in  year  i  (direct  recoveries). 

In  preliminary  tests,  we  found  that  neither  latitudes  nor 
longitudes  of  band  recovery  were  normally  distributed. 
Thus  we  used  a  nonparametric  test  for  our  recovery  distri¬ 
bution  comparisons.  The  test  (sometimes  called  the 
“Mardia-Watson- Wheeler”  test  or  the  “Uniform  Scores” 
test)  was  originally  proposed  by  Mardia  (1967),  although 
a  special  case  of  this  general  test  was  presented  earlier  by 
Wheeler  and  Watson  (1964).  The  test  is  also  discussed  in 
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Mardia  (1969a,  1969^?,  1972:197-201)  and  Batschelet  (1972: 
80-82). 

Briefly,  this  test  involves  computation  of  the  centroid  or 
center  of  gravity  of  the  combined  two-sample  distribution. 
Vectors  are  then  considered  from  this  centroid  through  each 
sample  point  (latitude-longitude  of  band  recovery),  and  the 
points  are  ranked  based  on  the  vector  directions.  These 
directions  or  angular  observations  are  then  replaced  in  the 
first  sample  by 

Ci  =  2  TT  ril(n  +  m),  i  =  1,  2,  .  .  .  ,  n, 

where  is  the  linear  rank  of  observation  i,  n  is  the  number 
of  observations  in  the  first  sample,  and  m  denotes  the  num¬ 
ber  of  observations  in  the  second  sample.  We  then  compute 
the  resultant  or  vector  sum  of  the  first  sample  as 

fi;  =  [(  E  cos  Cf  +  (  £  sin  (8) 

i  =  1  i=  1 

The  null  hypothesis  of  no  difference  between  the  two  bi¬ 
variate  samples  (i.e.,  two  groups  of  recoveries  exhibit  the 
same  geographic  distribution  pattern)  is  then  rejected  for 
large  values  of  Ri,  Mardia  (1967)  has  shown  that  when 
(n  +  m)>17  then 

U  =  2R\  (m  +  n-l)/mn  (9) 

is  approximately  distributed  as  with  2  df. 

We  required  20  recoveries  in  each  group  (n  or  m)  as  the 
smallest  practical  sample  size  with  which  to  work.  In  many 
instances  we  combined  recoveries  across  years  to  meet  this 
criterion.  In  this  manner  we  used  years  or  year-groups  as 
repeated  measures  within  a  major  reference  area.  Although 
there  is  no  completely  satisfactory  method  of  handling  “ties” 
between  observations  from  the  two  samples,  approximate 
test  statistics  were  computed  in  the  manner  suggested  by 
Robson  (1968).  Continental  statistics  were  obtained  as 

n 

-2  U  In  Pi,  where  P,-  denotes  the  probability  associated  with 
i=  1 


the  individual  test  statistic  of  reference  area  i,  and  n  denotes 
the  number  of  reference  areas  available  for  the  test  (Sokal 
and  Rohlf  1969:621-624).  This  statistic  is  distributed  as 
with  2n  df  under  the  null  hypothesis.  We  will  refer  to  this 
procedure  as  the  “centroid”  test. 

Describing  Similarity  in  Harvest  Derivation 

Areas  that  derive  their  harvest  from  common  production 
areas  need  to  be  identified.  In  this  report  we  use  “similarity 
indices”  to  compare  sources  of  harvest  for  any  two  harvest 
areas.  Similarity  between  two  harvest  areas  is  defined  as 
the  sum  of  harvest  percentages  that  are  derived  from  the 
same  source  areas.  The  index  can  range  from  0  (completely 
independent  in  sources  of  harvest)  to  100  (equal  in  percent¬ 
ages  from  all  source  areas).  Hypothetical  examples  are  illus¬ 
trated  in  Table  1.  The  comparison  of  Areas  B  and  C 
(Table  1)  was  especially  intended  to  show  that,  although 
they  have  the  same  index  (50)  relative  to  A,  this  does  not 
indicate  similarity  between  B  and  C,  which  have  an  index 
of  0. 

Results  and  Discussion 

Preseason  Age  and  Sex  Structure 
in  the  Continental  Population 

Annual  estimates  of  the  preseason  age  and  sex  structure 
for  the  years  1961  through  1975  are  presented  in  Table  2. 
The  age  ratio  of  young  per  adult  averaged  about  1 .0,  which 
agrees  with  earlier  estimates  (Bellrose  et  al.  1961;  Ander¬ 
son  1975).  The  average  adult  preseason  sex  ratio  was  1.42 
males  per  female. 

Using  survival  and  production  rate  (1.0)  estimates  for  the 
1961-1970  period,  Anderson  (1975)  estimated  an  adult  pre¬ 
season  sex  ratio  of  1.21  males  per  female  using  the  method 
of  Wight  et  al.  (1965).  However,  Anderson’s  simulation 


Table  1.  Hypothetical  example  of  similarity  indices. 


Breeding  ground  reference  areas 


Compar i son 

1 

2 

3 

4 

Total 

Harvest  area 

25% 

25% 

25% 

25% 

100% 

Harvest  area 

50% 

50% 

0% 

0% 

100% 

Similarity  index 

- 

25 

+ 

25 

+ 

0 

0 

=  50 

Harvest  area  A* 

25% 

25% 

25% 

25% 

100% 

Harvest  area  C* 

0% 

0% 

50% 

50% 

10  0% 

Similarity  i ndex 

= 

0 

+ 

0 

+ 

25 

+ 

25 

=  50 

Harvest  area  B  *• 

50% 

5  0% 

0% 

0% 

100% 

Harvest  area  C' 

0% 

0% 

50% 

50% 

100% 

Similarity  i ndex 

z 

0 

+ 

0 

+ 

0 

+ 

0 

=  0 
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Table  2.  Preseason  age  and  sex  struct-  derivation .  The  balanced  sex  ratio  estimated  for  young  birds 
ure  in  the  mallard  population  for  the  in  the  preseason  population  provides  additional  support  for 
years  1961-1975.  procedure  and  the  resultant  parameters. 


Year 

Proportion 

Adult 

male^ 

Young 

Age  ratio 
(young/adult) 

196  1 

0.56 

0.55 

0.83 

1962 

0.54 

0.50 

1  .  16 

1963 

0.55 

0.51 

1.04 

1964 

0.62 

0.50 

0.85 

1965 

0.59 

0.53 

1.30 

1966 

0.57 

0.47 

1.07 

1967 

0.63 

0.49 

1.02 

1968 

0.59 

0.49 

0.75 

1969 

0.63 

0.50 

1.44 

1970 

0.60 

0.53 

0.86 

197  1 

0 . 55 

0.50 

0.85 

1972 

0.60 

0.54 

0.75 

1973 

0.58 

0.46 

0.85 

1974 

0.62 

0.48 

1.26 

1975 

0.58. 

0.50 

0  .  95 

Average 

0.59° 

0.50^ 

0.98 

^Structure  was  derived  by  dividing 
appropriate  harvest  estimate  by  the 
corresponding  harvest  rate  (weighted 
on  the  basis  of  relative  breeding 
population  estimates). 

^1.42  males/female 

^1.01  males/female 


work  in  that  study  led  him  to  conclude  that  the  adult  pre¬ 
season  sex  ratio  ranged  from  1.20  to  1.30  and  might  occa¬ 
sionally  reach  1.35. 

Johnson  and  Sargeant  (1977),  using  a  modification  of 
Wight’s  method,  simulated  a  final  spring  adult  sex  ratio  of 
1.26  males  per  female  mallard  for  the  period  1963”1973 
in  North  Dakota’s  prairie  pothole  region.  Spring  through 
summer  mortality  rates  averaged  16.4%  for  males  and 
28.5%  for  females.  These  interim  mortality  rates  suggest 
a  preseason  sex  ratio  of  1.47.  When  Johnson  and  Sargeant 
(1977)  modified  their  model  for  predictive  purposes,  they 
obtained  an  average  spring  sex  ratio  of  1.18,  which  they 
thought  was  more  typical  of  the  study  period  than  the  final 
simulated  sex  ratio  of  1.26.  Given  the  interim  mortality 
rates  used  in  their  model,  a  spring  sex  ratio  of  1.18  sug¬ 
gests  a  preseason  sex  ratio  of  1.38.  Martin  et  al.  (1979)  esti¬ 
mated  an  adult  preseason  sex  ratio  of  1.39  males  per  female 
using  more  current  survival  rate  data  (1961-1974)  and  a 
modification  of  the  matrix  population  model  developed  by 
Leslie  (1945,  1948). 

Thus,  the  data  used  in  this  report  suggest  an  adult  pre¬ 
season  sex  ratio  that  is  somewhat  higher  than  other  esti¬ 
mates.  However,  it  is  unlikely  that  an  overestimate  of  the 
ratio  would  cause  an  important  bias  in  estimates  of  harvest 


Recovery  Distribution  Comparisons  by  Age,  Sex, 
Type  of  Recovery,  and  Year 

We  tested  for  similarities  in  recovery  distributions  among 
various  groups  before  we  addressed  distribution  of  the 
mallard  harvest.  For  example,  we  could  combine  local  and 
immature  mallard  bandings  whenever  recovery  distribu¬ 
tions  were  sufficiently  similar.  With  this  objective  we  made 
extensive  and  systematic  use  of  the  centroid  test  described 
earlier. 

A  test  for  similarity  of  recovery  distributions  is  also 
affected  by  differences  in  banding  intensity  and  location 
within  a  particular  reference  area.  We  used  major  refer¬ 
ence  areas  as  source  areas  to  provide  adequate  sample  sizes 
for  analysis,  but  in  the  process  we  unavoidably  added  these 
sources  of  variability.  Because  of  these  additional  sources 
of  variation  we  disregarded  significance  at  the  0.05  level 
in  favor  of  significance  at  the  0.01  level.  We  are  not  in¬ 
clined  to  speculate  upon  the  biological  significance  of  dif¬ 
ferences  in  recovery  distributions  unless  the  differences  are 
independent  of  banding  site  sources  of  variation  (e.g.,  the 
same  cohort  recovered  in  different  years),  prevalent  in  many 
areas,  directionally  (latitude  or  longitude)  consistent,  and 
supported  by  other  evidence. 

For  statistical  considerations  we  used  recoveries  that  were 
not  adjusted  for  band  reporting  rate.  Use  of  adjusted  re¬ 
coveries,  although  biologically  more  meaningful,  would 
have  invalidated  the  tests. 

Locals  Versus  Immatures 

Recovery  distributions  of  local  and  immature  mallards 
were  compared  in  four  categories:  (1)  direct  recoveries  of 
males,  (2)  direct  recoveries  of  females,  (3)  indirect  recoveries 
of  males,  and  (4)  indirect  recoveries  of  females.  In  each 
instance  the  continental  test  statistic  was  highly  significant 
(Table  3).  However,  few  differences  between  local  and 
immature  recovery  distributions  were  detected  across  the 
important  production  areas  of  southern  Canada  (SW  Al¬ 
berta,  SW  Saskatchewan,  SE  Saskatchewan,  and  SW  Mani¬ 
toba).  Test  results  for  remaining  major  reference  areas  in 
which  data  were  sufficient  indicated  significant  differences 
(P  <  0.01).  Tests  of  direct  recovery  distributions  indicated 
more  difference  between  the  age  classes  than  did  those  of 
indirect  recoveries. 

Our  results  compare  favorably  with  those  of  Anderson 
and  Henny  (1972).  They  found  that  the  greatest  difference 
in  distribution  between  locals  and  immatures  occurred  in 
direct  recoveries  from  bandings  in  the  United  States.  They 
suggested  that  some  of  the  immatures  had  migrated  into 
the  United  States  from  more  northern  areas.  However, 
earlier  movement  of  the  more  physiologically  advanced 
immatures  away  from  banding  areas  cannot  be  discounted 
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Table  3.  Summary  of  results  of  testing  the  hypothesis  that  local  and  immature 
mallards  have  similar  recovery  distributions. 


Major  referenca 
area 

D i rect 

recover i es 

Ind i rect 

recoveri es 

Male 

F  e  m  a  1 

e 

Male 

F  G  m  a  1 

e 

Test® 

df 

Test 

df 

Test 

df 

Test 

df 

SW  Albarba 

0  .  98 

2 

3.52 

2 

3,59 

2 

SW  Saskatchewan 

10.87 

4 

7  .  17 

4 

7.09 

4 

5.24 

2 

5E  Saskatchewan 

1,19 

2 

7.30 

2 

1 .84 

2 

2.83 

2 

S14  Manitoba 

13.32>^^ 

2 

2.98 

2 

E  Ont  -  W  Quebec 

19.67^)^ 

4 

17  ,  68^^ 

4 

Washington-Oregon 

55.00XX 

2 

46 . 77XX 

2 

42,34XK 

2 

44 . 5 9>^^ 

2 

N  California 

3.87 

2 

Intermounta i n 

^9,75^^ 

o 

c. 

13.36^^ 

2 

H i gh  Plains 

20.76^^ 

6 

27 . 98^^ 

4 

4,31 

4 

7.94 

2 

Missouri  R.  Basin 

94 .80^K 

6 

96.52^^ 

6 

17  ,70>^X 

6 

26 . 70^^ 

4 

Great  Lakes 

3  16.  13)<^ 

12 

33  1  .  9 

12 

67  .49^>^ 

10 

108 . 22^^ 

10 

Mid- Atlantic 

2&,99^^ 

2 

20.77^^ 

2 

0.56 

2 

2,64 

2 

NE  United  States 

27 .49>^^ 

2 

42.58^^ 

2 

9,82^^ 

2 

Continental  total 

540 

26 

549 . 53^>^ 

24 

1  19.59>^>^ 

18 

167  .  1  1>^^ 

14 

o 

^The  test  statistic  is  distributed  approximately  as  X  with  df  =  twice  'the 
number  of  comparisons  included.  5 i gn i f i cance _ 1 evel s :  p<0.05  not  indicated, 

p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B  1. 


(J.  B.  Gollop,  personal  communication;  Bellrose  and 
Crompton  1970).  We  concluded  that  recoveries  from  the 
two  age  classes  could  not  be  combined  because  of  the  large 
differences  between  direct  recovery  distributions  of  local 
and  immature  mallards. 

The  local  age  class  is  not  well  represented  by  bandings 
and  recoveries  (Table  B-1).  Test  statistics  for  3  of  the  16 
major  reference  areas  could  not  be  obtained  within  our 
sample  size  constraints  {n  and  >  20)  even  with  15  years 
of  banding  data  combined.  We  therefore  excluded  re¬ 
coveries  of  mallards  banded  as  locals  from  subsequent 
analyses. 

Immatures  Versus  Adults 

The  same  four  categories  were  used  to  compare  recovery 
distributions  of  mallards  banded  as  immatures  and  adults. 
We  again  found  large  differences  across  most  reference 
areas,  which  contributed  to  highly  significant  differences 
in  the  continental  test  statistics  (Table  4).  Recovery  distri¬ 
butions  of  immature  and  adult  males  were  different  for  both 
direct  and  indirect  comparisons.  Direct  female  recovery  dis¬ 
tributions  also  differed  by  age  class. 

With  the  notable  exception  of  the  High  Plains,  the  pre¬ 
vailing  difference  was  a  more  northerly  distribution  of 
immatures  (Table  B-2).  J.  B.  Gollop  (personal  communi¬ 
cation)  noted  that  late-hatched  locals  were  recovered  closer 
to  the  banding  site  than  were  early-hatched  locals.  Jessen 
(1970)  noted  delayed  migration  from  Minnesota  of  locally 


reared  mallards  and  hens  that  had  nested.  He  stated  that 
locally  reared  mallards  were  especially  vulnerable  to  local 
hunters.  A  prolonged  attachment  of  the  more  vulnerable 
immatures  to  natal  (i.e.,  northern)  areas,  perhaps  related 
to  later  physiological  development,  could  have  caused  the 
more  northerly  distribution  of  immature  recoveries. 

The  extreme  sensitivity  of  the  centroid  test  is  suggested 
by  the  significant  difference  (X^  =  74.29,  P  <  0.01)  be¬ 
tween  age  classes  of  indirect  females.  Of  all  comparisons 
made,  these  recoveries  should  have  revealed  similar  distri¬ 
butions  (assuming  that  breeding  habitat  conditions  were 
suitable)  because  of  the  strong  homing  tendency  of  females 
to  natal  areas  (J.  B.  Gollop,  personal  communication;  Sowls 
1955;  Lensink  1964;  Jessen  1970).  Examination  of  Table  B-2 
shows  that  for  indirect  females  few  within-reference  area 
tests  were  significant,  and  that  reference  area  test  statis¬ 
tics  were  significant  due  to  many  small  (statistically  addi¬ 
tive)  differences  which  lacked  directional  (latitude  or  longi¬ 
tude)  consistency.  For  example,  in  the  indirect  female 
column  for  the  E  Ontario-W  Quebec  reference  area,  the 
reference  area  statistic  (X^  =  40.44,  P  <  0.01)  was  signifi¬ 
cant  in  the  absence  of  significant  individual  test  statistics. 
This  can  be  contrasted  with  the  direct  male  column  for  the 
same  reference  area  wherein  the  significant  area  test  statistic 
(X'  =  105.82,  P  <  0.01)  reflects  significant  differences  in  5 
of  the  12  individual  tests  (1965,  1968,  1971,  1972,  and 
1975). 

Differences  between  immature  and  adult  recovery  dis¬ 
tributions  are  most  pronounced  among  male  mallards,  but 
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Table  4,  Summary  of  results  of  testing  the  hypothesis  that  immature  and  adult 
mallards  have  similar  recovery  distributions. 


Major  reference 
area 

Direct  recoveries 

Indi rect  i 

recover i es 

M  a  1 

e 

Female 

Male 

a 

F  e  m  a  ' 

L  e 

T  e  5 

df 

Test  df 

Test 

df 

Test 

df 

N  Pac 1 f i c 

0  .  14 

2 

0  .06 

2 

N  Alfa  -  N  NWT 

58. 

8 

19.81  8 

36.75)<K 

8 

7.25 

8 

SW  Alberta 

66.43^?^ 

6 

4.56  6 

23 . 28^^ 

6 

5.07 

6 

SW  Saskatchewan 

77 .2^^^ 

14 

14.15  10 

9.  13 

12 

17  .  17 

12 

SE  Saskatchewan 

45.27K)« 

8 

3.45  6 

9,64 

8 

1.72 

2 

SU  Manitoba 

96 .23XX 

12 

15.01  12 

28.56K)< 

10 

10.75 

10 

N  Sask-N  Man-W  Ont 

4,3S 

2 

1.69 

4 

E  Ont  -  W  Quebec 

24 

43, ^2^^  24 

^^9,25^^ 

22 

40 .44XX 

22 

Washington'-Oregon 

157 .09^^ 

14 

132,30^^  14 

24  .  18 

14 

31 .52)()( 

12 

N  Cal i forni a 

108.27XX 

16 

41.69>^>^  14 

23.7  1 

14 

8.09 

8 

Intermounta i n 

49.45K?( 

12 

16.06  10 

39.82^)^ 

12 

13.02 

10 

High  Plains 

206 ,65>^x 

14 

\29.Z5^^  14 

109  .  0  1>^>^ 

14 

20 .89 

12 

Mi ssour i  R .  Basin 

441 .27^^ 

16 

1  1  1  .60^^^  16 

8.32 

14 

29,7  1>^^ 

14 

Great  Lakes 

265. 96K)( 

30 

133.49>^>^  30 

206 . 22M^ 

28 

50 ,57)^x 

26 

Mid-' Atlantic 

196.28>^K 

16 

120.54)^>^  16 

1 17 .64^^ 

14 

24.62 

12 

NE  United  States 

45.75XX 

12 

15.18  14 

35.56)^5^ 

12 

10.40 

10 

Continental  total 

1384. 88^)^ 

32 

455.83^M  28 

480 . 13)^^ 

32 

7^,29^^ 

28 

The  test  statistic  is 

di str i buted  . 

approximately  as  X 

2  N^th  df 

-  twice  the 

number  of  comparisons 

i  ncluded , 

Significance  levels* 

p< 0 . 05  not  i 

ndi ca ted^ 

p<0.01.  Greater  detail  is  shoisin  in  Appendix  Table  B'”2. 


they  are  of  little  biological  significance  beyond  the  first  year 
among  females.  Relative  similarity  among  recovery  distri¬ 
butions  of  females  provides  some  evidence  that  annual 
movements,  including  return  to  natal,  migration,  and  win¬ 
tering  areas,  are  more  stable  and  less  prone  to  change  than 
those  of  males.  This  suggests  that  females  will  effectively 
maintain  long-term  relationships  through  generations  be¬ 
tween  breeding  and  wintering  areas. 

We  concluded  that  we  could  not  combine  immature  and 
adult  recovery  distributions  due  to  the  large  continental  test 
statistics  for  three  of  the  four  categories.  However,  we  con¬ 
cluded  that  indirect  immature  female  and  indirect  adult 
female  recoveries  could  be  pooled  because  the  differences 
between  these  two  groups  were  relatively  small. 

Males  Versus  Females 

We  made  the  following  comparisons  of  males  and 
females:  (1)  direct  recovery  of  immatures,  (2)  direct  re¬ 
covery  of  adults,  (3)  indirect  recovery  of  immatures,  and 
(4)  indirect  recovery  of  adults.  Once  again  all  four  cate¬ 
gories  yielded  highly  significant  (P  <  0.01)  continental  test 
statistics  (Table  5).  However,  the  differences  in  recovery 
distributions  between  males  and  females  were  less  pro¬ 
nounced  than,  for  example,  immatures  and  adults.  Only 
6  of  15  reference  area  test  statistics  were  significant 
(P  <  0.01). 


Data  in  Table  B-3  demonstrate  that  E  Ontario-W  Que¬ 
bec,  Missouri  River  Basin,  Great  Lakes,  and  High  Plains 
(to  a  lesser  extent)  were  mostly  responsible  for  the  signifi¬ 
cant  continental  statistics.  Within  E  Ontario-W  Quebec 
most  of  the  differences  between  indirect  immature  male 
and  female  recoveries  were  significant,  and  due  almost 
entirely  to  a  3-5°  mean  longitudinal  shift  west  by  the  males 
(assuming  that  most  females  returned  to  natal  areas).  To 
a  lesser  extent,  this  shift  also  occurred  in  the  Great  Lakes 
and  NE  United  States  reference  areas.  We  believe  that  some 
males  from  the  eastern  edge  of  the  breeding  range  become 
paired  during  the  winter  with  females  that  home  to  areas 
farther  west  (toward  the  middle  of  the  breeding  range). 
These  “displaeed”  males  then  migrate  south  toward  the 
same  wintering  area,  and  pass  through  and  become  har¬ 
vested  in  different  areas. 

When  we  next  examined  the  large  differences  between 
indirect  immature  males  and  females  from  the  Missouri 
River  Basin  (almost  mid-continent),  we  expected  to  find 
males  farther  north  (toward  the  middle  of  the  breeding 
range)  based  on  the  previous  explanation.  Although  the  dif¬ 
ference  in  latitude  was  consistent  and  more  important  than 
variation  in  longitude,  we  found  that  males  were  recovered 
farther  south.  If  these  differences  related  to  banding  site 
location,  they  should  also  have  appeared  within  direct  re¬ 
coveries.  Anderson  (1975)  provisionally  concluded  that  the 
proportionately  greater  harvest  of  adult  females  in  the  north 
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Table  5.  Summary  of  results  of  testing  the  hypothesis  that  male  and  female 
mallards  have  similar  recovery  distributions. 


Major  referencQ 
area 

D i rect 

r ecover i es 

Indi rect 

recover i es 

Immature 

A  d  u  1 

t 

Immature 

A  d  u  1 

t 

Test® 

df 

Test 

df 

Test 

df 

Test 

df 

N  Paci f 1 c 

2.50 

2 

6.50 

2 

N  AUa  -  N  NWT 

10,46 

8 

15.44 

8 

12.91 

8 

14.86 

8 

SW  Albarta 

9.60 

6 

1  .  97 

6 

0.51 

6 

22.68X^ 

6 

SW  Saskatchewan 

9.  16 

14 

11.52 

10 

11.72 

12 

17.29 

12 

SE  Saskatchewan 

5.34 

8 

11,45 

6 

10.04 

4 

2.35 

4 

SW  Manitoba 

22.10 

12 

22.98 

12 

56.81^^ 

10 

16.87 

10 

N  Sask-N  Man-W  Ont 

6.67 

6 

12.90 

6 

E  Ont  -  W  Quebec 

39.90 

24 

56 .02)^^ 

24 

233 .84)^M 

22 

73. 60^^ 

22 

Washinqton'-Oregon 

30  .  13K)^ 

14 

3  1  .67^^ 

14 

16.04 

14 

24.65 

12 

N  California 

11.64 

14 

25.51 

16 

2.53 

8 

18.43 

14 

Intermounta i n 

12.72 

12 

2  1.12 

10 

16.50 

12 

33.  lOXX 

10 

High  Plains 

26.55 

14 

64.  16^>^ 

14 

12.95 

12 

78. 5D^)^ 

12 

Mi ssou  r i  R .  Basi n 

45 .86^)^ 

16 

43. 

16 

124  . 

14 

9  1  .  95)^^ 

14 

Great  Lakes 

51  .50)^K 

30 

98.77^^ 

30 

379.80)^^ 

28 

184 .89)^ 

26 

M i d- At lant i c 

44  .  16X)( 

16 

27.59 

16 

72.29^>^ 

14 

11.48 

12 

NE  Uni  ted  States 

12.83 

16 

15.76 

12 

80 . 96X)^ 

14 

11.76 

10 

Continental  total 

92.77X^ 

32 

162.68^K 

28 

705.05)^^ 

32 

318. 34K)^ 

28 

2  _ 

®The  test  statistic  is  distributed  approximately  as  X  with  df  =  twice  the 
number  of  comparisons  included.  Significance  levels*  p<0.05  not  indicated^ 
p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B-3. 


reflected  vulnerability  more  than  occurrence.  He  suggested 
delayed  molt,  stresses  of  brood  production,  and  the  need 
for  more  feeding  flights  as  possible  factors  causing  greater 
vulnerability.  The  more  pronounced  differences  within 
indirect  recoveries  of  immatures,  as  opposed  to  direct  or 
indirect  recoveries  of  adults,  could  also  reflect  vulnerability 
if  females  are  more  vulnerable  during  their  first  year  of 
nesting. 

Martin  and  Carney  (1977)  suggested  that  adult  males 
migrate  south  earlier  and  thus  avoid  early  season  hunting 
pressure.  This  is  supported  by  Bellrose  and  Crompton  (1970) 
who  found  hunters’  bags  composed  entirely  of  adult  drakes 
during  the  early  fall.  However,  male  mallards  in  Europe 
appear  to  migrate  later  than  females  (Lebret  1950;  Mathias- 
son  1971;  Ogilvie  and  Cook  1971). 

The  greater  harvest  of  adult  males  in  the  South  (Martin 
and  Carney  1977)  may  be  in  part  a  result  of  the  propor¬ 
tionately  greater  harvest  of  adult  females  in  the  North. 
Additional  factors  that  might  cause  a  more  southerly  dis¬ 
tribution  of  males  are  hunter  preference  and  regulations 
favoring  the  harvest  of  males.  The  sexes  usually  cannot  be 
distinguished  on  the  breeding  grounds  early  in  the  season 
but  can  be  distinguished  later  in  the  season  (farther  south) . 
If  these  were  major  factors,  however,  they  should  have 
caused  similar  latitudinal  differences  between  direct  re¬ 
coveries  of  the  sexes,  which  were  not  apparent  (Table  B-3). 
The  above  factors  may  favor  a  more  southerly  distribution 


of  males  that  was  detectable  only  within  indirect  recoveries 
due  to  the  accumulation  of  small  differences  over  years. 

We  concluded  that,  for  other  than  direct  recoveries  of 
immatures,  the  continental  test  statistics  were  sufficiently 
large  to  preclude  combining  males  and  females. 

Direct  Versus  Indirect  Recoveries 

We  again  made  four  comparisons,  two  for  each  age  and 
sex  (Table  6).  The  effects  of  within-area  variability  in  band¬ 
ing  intensity  and  location  were  eliminated  because  we 
compared  the  distributions  of  direct  recoveries  with  all  sub¬ 
sequent  (indirect)  hunting  season  recoveries  from  the  same 
banded  samples  (through  1975).  Other  than  for  adult 
females,  most  reference  area  test  statistics  were  highly  sig¬ 
nificant  (P  <  0.01). 

The  tabulation  of  within-reference  area  comparisons 
(Table  B-4)  documents  an  almost  universal  difference  in 
mean  latitude  of  recovery.  Except  for  the  High  Plains,  direct 
recovery  distributions  occurred  farther  north  than  indirect 
recoveries  wherever  a  difference  was  detected  (P  <  0.01). 
The  pattern  was  reversed  for  direct  and  indirect  (farther 
north)  recoveries  from  the  High  Plains  because  most  birds 
were  banded  along  the  southern  border  of  the  reference 
area,  particularly  in  the  San  Luis  Valley.  Previous  work 
(Funk  et  al.  1971;  Hopper  et  al.  1975,  1978)  demonstrated 
the  concentration  of  recoveries  within  the  High  Plains  Mai- 
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Table  6.  Summary  of  results  of  testing  the  hypothesis  that  direct  and 
i nd i rect  recovery  distributions  of  mallards  are  similar. 


Major  reference 
area 

Adult 

recover i es 

Immature 

recover i es 

M  a  1 

Test® 

1  M- 
!  "D 

Qi  i 

Female 

Test  df 

M  a  1  ^ 

Test 

3 

df 

F  e  m  a  ! 

Test 

L  e 

df 

N  P  a  c  i  f  1  c 

20 . 3  1^>^ 

2 

7.55 

2 

N  Alba  -  N  NWT 

9.73 

8 

5.07  8 

82. 99^>^ 

8 

37 .09^^ 

8 

5W  Alberta 

25.88>«M 

6 

1.84  4 

70.32^'^ 

6 

12.36 

6 

5UI  Saskatchewan 

25.06 

12 

19.32  10 

8  9.  1  0  X  ^ 

12 

3 1 .29^^ 

12 

5E  Saskatchewan 

2  1 . 80><J< 

8 

4.45  4 

4  1 .28X)( 

8 

0.41 

2 

SW  Manitoba 

46 .  1 

10 

17.89  10 

170 . 22^K 

10 

55.57^^ 

10 

N  Sask-N  Man-W  Ont 

10 .45)^^ 

2 

55.57^i<: 

6 

12.87 

6 

E  Ont  "•  W  Quebec 

132  .  17XK 

22 

66  .  22 

985. 85>^^ 

22 

199.1 1XK 

22 

Uashi ngton-Oregon 

26.43 

14 

31.55X)(  12 

188. 93>()^ 

14 

1 16 . 5 

14 

N  California 

23.56 

14 

23.95  14 

6  1  .23^>< 

14 

7 .55 

8 

Intermounta i n 

30  .  16^^ 

12 

21.45  10 

28.7  1)^)^ 

12 

12.06 

12 

High  Plains 

99 . 33^^ 

12 

49.21^^  12 

257 . 5^^^ 

12 

152.43^^ 

12 

Missouri  R .  Basin 

69.  99^>^ 

14 

24.58  14 

548  .  17>^x 

14 

45 . 

14 

Great  Lakes 

89 . 27X^ 

28 

76.02^^  26 

987 .  ^2^^ 

28 

159.72^)^ 

28 

Mi d-A t lant i c 

39.28^)^ 

14 

30.59^^  12 

398.  18^'^ 

14 

116.  14>^^ 

14 

NE  Uni  ted  States 

13.25 

10 

20.42  10 

352.46^H 

14 

60.25)^^ 

14 

Continental  total 

343  .  1  0)^K 

30 

148. 57)^)^  28 

2554.46^^ 

32 

635.  15^>^ 

32 

®The  test  statistic  is 

distributed  approximately  as 

with  df 

=  twice  the 

number  of  comparisons  i 

i  nc luded . 

Si  < 

;^nificance  levels 

•  p< 0 . 0 5  not 

indicated. 

p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B-4. 


lard  Management  Unit,  of  which  the  High  Plains  breeding 
ground  reference  area  is  a  part. 

Although  the  mean  latitudinal  differences  were  variable 
in  magnitude  and  often  considerably  less  important  than 
those  for  mean  longitude,  the  underlying  consistency  (and 
direction)  must  be  examined.  We  believe  that  the  most 
logical  explanation  for  this  difference,  which  spans  age  and 
sex  classes  and  most  portions  of  the  breeding  range,  is  the 
greater  association  of  direct  recoveries  with  banding  sites 
(assuming  a  general  north  to  south  movement  from  summer 
to  winter  areas) .  Areas  of  quality  habitat  attract  large  num¬ 
bers  of  ducks,  which  attract  both  banders  and  hunters. 
Some  of  these  birds,  particularly  young  of  the  year  and 
adult  females,  remain  in  the  general  vicinity  of  the  band¬ 
ing  site  until  southward  migration  begins.  This  causes  a  con¬ 
centration  of  recoveries  near  banding  sites  that  affects,  and 
is  a  portion  of,  the  total  distribution  of  direct  recoveries. 
Indirect  recovery  distributions  do  not  show  the  same  degree 
of  concentration  near  banding  sites.  Annual  variation  in 
breeding  habitat  conditions  displaces  some  birds;  this  causes 
a  more  scattered  distribution  of  indirect  recoveries  that  is 
centered  farther  south  than  a  comparable  distribution  of 
direct  recoveries.  Both  distributions  may  be  very  similar 
geographically,  but  the  direct  recovery  distribution  includes 
a  higher  proportion  near  the  banding  site. 

Age  is  also  a  factor  in  comparisons  of  direct  and  indirect 
recoveries.  Birds  banded  as  immatures  return  the  following 


summer  as  adults,  and  those  banded  as  adults  return  a  little 
older  and  perhaps  more  experienced.  The  timing  or  rate 
of  movement  may  be  somewhat  different  in  older  birds, 
or  variation  in  early  fall  weather  conditions  may  promote 
a  more  scattered  distribution  of  indirect  recoveries.  These 
differences  are  more  pronounced  for  males  than  for  females 
which,  because  of  homing,  are  expected  to  have  similar  dis¬ 
tributions  in  successive  years. 

Direct  versus  indirect  recovery  distribution  comparisons 
are  illustrated  in  Fig.  1  for  the  Missouri  River  Basin. 
Although  only  significant  {P  <  0.01)  mean  latitude  or  longi¬ 
tude  differences  are  shown  in  Table  B-4,  the  actual  centers 
of  recovery  distributions  are  plotted  in  Fig.  1.  Only  one 
point  was  plotted  for  each  direct  or  indirect  adult  female 
recovery  distribution,  because  only  one  significant 
{P  <  0.01)  difference  was  detected.  However,  seven  points 
were  plotted  for  each  direct  or  indirect  immature  male  re¬ 
covery  distribution,  because  seven  differences  were  found 
between  them.  Direct  recoveries  of  immatures  were  cen¬ 
tered  the  farthest  north,  followed  by  direct  adult  and  indi¬ 
rect  immature  females,  direct  adult  males  and  indirect  adult 
females,  and  finally  indirect  males.  Within  an  age-sex  class, 
direct  recovery  distributions  were  almost  always  centered 
farther  north  than  indirect  recoveries.  Indirect  males  were 
the  only  recovery  distributions  centered  south  of  the  refer¬ 
ence  area  (40°N). 

We  previously  suggested  that  westward  shifts  by  males 
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Fig.  1.  Comparison  of  direct  (D)  and  indirect  (I)  recovery  distri¬ 
butions  of  immature  (Y),  adult  (A),  male  (M),  and  female  (F) 
mallards  banded  preseason  in  the  Missouri  River  Basin.  Points 
represent  significantly  different  {P  <  0.01)  geographic  centers 
of  recovery  distributions  from  year-group  comparisons  shown 
in  Table  B-4.  Of  seven  comparisons  made  for  each  age-sex  class, 
all  were  different  for  immature  males;  hence  seven  points  are 
illustrated  for  both  direct  immature  males  (DYM)  and  indirect 
immature  males  (lYM),  Lines  serve  only  to  connect  or  surround 
points  representing  a  given  age-sex  class.  The  southern  bound¬ 
ary  of  the  reference  area  lies  in  part  along  40° N  latitude. 


are  probably  due  to  pair  formation  on  the  wintering 
grounds  with  females  from  the  central  part  of  the  range. 
This  explanation  is  also  appropriate  when  direct  and  indi¬ 
rect  recoveries  of  immature  males  are  compared.  Indirect 
recoveries  of  immature  males  banded  in  eastern  reference 
areas  were  centered  several  degrees  west  of  direct  recoveries. 
Similarly,  immature  males  that  were  banded  in  the  west 
and  survived  their  first  hunting  season  were  recovered 
farther  east. 


Our  results  compare  favorably  with  previously  reported 
differences  between  direct  and  indirect  recoveries  (Lensink 
1964;  Geis  et  al.  1971;  Anderson  and  Henny  1972;  Hopper 
et  al.  1978;  March  and  Hunt  1978).  Although  direct  and 
indirect  recovery  distributions  of  adult  females  were  statis¬ 
tically  different  (X"  =  148.57,  P  <  0.01)  at  the  continental 
level,  differences  were  found  in  only  5  of  the  16  major  ref¬ 
erence  areas  (Table  6).  We  concluded  that,  except  for  adult 
females,  we  could  not  combine  direct  and  indirect  re¬ 
coveries. 

Direct  Adults  Versus  Indirect  Immatures 

An  immature  mallard  that  survives  its  first  hunting  sea¬ 
son  enters  its  second  calendar  year  as  an  adult.  Subsequent 
indireet  recovery  distributions  of  birds  banded  as  imma¬ 
tures  might  be  similar  to  direct  recovery  distributions  of 
adult-banded  birds.  Table  7  presents  comparisons  of  direct 
adult  and  indirect  immature  recoveries  for  each  sex  (indi¬ 
rect  adults  and  immatures  were  previously  compared).  The 
continental  test  statistics  for  both  sexes  were  highly  signifi¬ 
cant  (F  <  0.01),  although  differences  within  males  were 
much  more  pronounced.  The  most  pronounced  difference 
was  a  more  westward  distribution  for  immature  males 
banded  in  the  East  (Table  B-5).  We  concluded  that  direct 
adult  and  indirect  immature  female  recoveries  represented 
the  same  population  and  could  be  combined  because  dif¬ 
ferences  within  females  were  detected  in  only  5  of  16  major 
reference  areas. 

Direct  Recovery  Distributions  During  Consecutive  Years 

In  previous  analyses  of  direct  recovery  distributions  we 
used  years  or  groups  of  consecutive  years  as  repeated  mea¬ 
sures  within  reference  areas,  which  tended  to  minimize  any 
effect  of  annual  variation.  Here  we  examined  the  extent 
of  annual  (or  year-group)  variation  in  direct  recovery  dis¬ 
tributions  within  each  age  and  sex  class  (Table  8).  Once 
again  we  found  highly  significant  (P  <  0.01)  differences 
in  recovery  distributions  from  one  year  to  the  next,  as  meas¬ 
ured  by  continental  test  statistics  for  the  four  age-sex  classes 
examined.  Immature  males  displayed  the  greatest  year-to- 
year  variation  in  distribution. 

Fortunately,  trends  or  consistencies  were  not  detected 
within  reference  areas  (Table  B-6).  For  example,  immature 
male  test  statistics  within  the  Great  Lakes  area,  which 
demonstrated  the  largest  difference,  showed  no  consistent 
directional  differences  in  mean  latitude-longitude  of  re¬ 
covery  distribution.  Between-year  comparisons  are  affected 
by  changes  in  banding  sites,  breeding  ground  habitat, 
migration  chronology,  migration  and  winter  habitat  con¬ 
ditions,  hunting  pressure,  hunting  regulations,  and  other 
factors.  Between-year  comparisons  of  direct  recovery  dis¬ 
tributions  showed  no  consistent  latitude  or  longitude  dif¬ 
ferences  within  reference  areas  (Table  B-6);  therefore,  we 
combined  the  15  years  of  banding  and  recovery  data. 
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Table  7.  Summary  of  results  of  testing  the  hypothesis  that  direct  recovery 
distributions  of  birds  banded  as  adults  are  similar  to  indirect  recovery 
distributions  of  birds  banded  as  immatures. 


Major  reference 
area 

Male 

F  e  m  a 

1  e 

Test® 

df 

Test 

df 

N  Alta  -  H  NWT 

24 . 

8 

12.77 

8 

SW  Alberta 

5.  14 

6 

1 . 26 

4 

SW  Saskatchewan 

10.73 

12 

13.59 

10 

SE  Saskatchewan 

16.02 

8 

2.37 

4 

SW  Man i t oba 

97 .59^^ 

10 

10.46 

10 

N  Sask-N  Man-W  Ont 

8.23 

2 

E  Ont  ■“  W  Quebec 

382.73X>^ 

22 

98 . 64>^)^ 

22 

Washington-Oregon 

30 . 26^^ 

14 

20.31 

14 

N  Ca 1 i f orn i a 

14.  13 

14 

2 . 96 

8 

Intermounta i n 

54 .03)^^ 

12 

10.38 

10 

High  Plains 

35.47XX 

12 

45.3SXK 

12 

Missouri  R .  Basin 

52. 48^)^ 

14 

17.35 

14 

Great  Lakes 

3  18 . 46^)^ 

28 

99, 

28 

Mi d-At lant i c 

197 . 99^^ 

14 

14 

NE  United  States 

69.35)^)^ 

12 

30 . 68>(^ 

14 

Continental  total 

924  .  18^>< 

30 

1  96 .47^^ 

28 

g  p 

The  test  statistic  is  distributed  approximately  as  X  with  df  =  twice  the 
number  of  comparisons  included.  Significance  levels^  p<0.05  not  indicated, 
p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B“5. 


Table  8.  Summary  of  results  of  testing  the  hypothesis  that  direct  recovery 
distributions  of  mallards  are  similar  during  consecutive  years  or  groups 
of  years. 


Major  reference 
area 

Adult 

recover i es 

Immature 

recover i es 

M  a  1  ( 

3 

F  e  m  a  i 

1  e 

Male 

F  e  m  a  ^ 

L  e 

T  0  s  t® 

df 

Test 

df 

Test 

df 

Test 

df 

N  Alta  -  N  NWT 

5.94 

6 

2.74 

2 

20 . 6  1X^ 

6 

4 .03 

4 

SW  Alberta 

1  .  25 

4 

0.26 

2 

4.27 

4 

1.13 

2 

SW  Saskatchewan 

8 

1  .66 

2 

1  9 .  ^9^^ 

6 

8.56 

6 

SE  Saskatcf'iGwan 

14.70^)^ 

4 

0 . 72 

2 

22. 84^^ 

4 

4.32 

4 

SW  Manitoba 

17 . 00^^ 

6 

11.41 

6 

51.62^^ 

6 

17 . 95X)( 

6 

N  Sask-  N  Man-W  Ont 

24.57^^ 

4 

0.71 

2 

E  Ont  -  W  Quebec 

16.45 

12 

13.04 

12 

65.94XX 

12 

76 . 56XX 

12 

Washi ngton-Oregon 

12.54 

8 

22,^0^^ 

6 

32 .  18x^ 

8 

9.36 

8 

N  California 

11.87 

8 

2  1  .39^^ 

8 

1  08.38)^^ 

8 

5  1  .  97^x 

6 

Intermounta i n 

27.01^^ 

6 

28 .49^^ 

4 

88 . 85XK 

6 

3  1 ,29^^ 

6 

High  Plains 

85 . 38?<>^ 

6 

59,9^^■^ 

6 

79  .  95^^ 

6 

80 . 42>^^ 

6 

Great  Lakes 

25.34 

14 

89 . 93K^ 

14 

209 . 08X)( 

14 

90.46KK 

14 

M i d-At lant i c 

24 ,79^^ 

8 

44 . 05^^ 

8 

46 . 20XX 

8 

42.44)<>^ 

8 

NE  United  States 

11.47 

4 

6.41 

6 

26 . 70XX 

8 

18 . 93 

8 

Continental  total 

176 . 98>^^ 

28 

195 . 74^^ 

28 

6  12.49XX 

30 

301.36^^ 

30 

3  ...  O 

The  test  statistic  is  distributed  approximately  as  with  df  =  twice  the 

number  of  comparisons  included.  Significance  levels-  p<0.05  not  indicated, 
p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B’-6  . 
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Tabl0  9,  Summary  of  results  of  testing  the  hypothesi s  that  mallards  banded 
during  consecutive  years  or  groups  of  years  have  similar  indirect  recovery 
d i st r i but i on  s , 


Major  reference 
area 

Adult 

recover i es 

Immature  recoveries 

Male 

F  e  m  a 

1  e 

Mai 

G 

F  G  m  a  ] 

[  G 

T  e  s  t^ 

df 

Test 

df 

Test 

df 

Test 

df 

N  Alfa  -  N  NWT 

12.46 

6 

2.72 

2 

9.39 

4 

4.95 

2 

SW  Alberta 

6 .99 

2 

0 .03 

2 

3.33 

2 

0.64 

2 

SW  Saskatchewan 

27 .79XX 

8 

1  .59 

4 

5.82 

6 

2.03 

4 

SE  Saskatchewan 

4.39 

4 

7 . 25 

4 

SW  Man i t o ba 

12.23 

6 

1  .88 

4 

8.10 

6 

13.20 

4 

N  Sask-^N  Man“W  Ont 

18.80«x 

4 

1  ,  35 

2 

E  Ont  “  W  Quebec 

13.91 

10 

18.57 

10 

17 . 32 

10 

27 .78X)( 

10 

Wash! ngton-Oregon 

15.62 

6 

38.75^>( 

6 

8.08 

8 

19.  1  1><>( 

6 

N  Cal i f 0 rn 1  a 

7.65 

6 

4.52 

6 

5,69 

6 

7.79 

2 

Intermounta i n 

24  . 

6 

3.20 

4 

38 . 19^^ 

6 

3  1.  18J<« 

6 

Mi ssour 1  R .  Basin 

18.86 

8 

19.86 

8 

11.45 

8 

8.73 

8 

Great  Lakes 

13.47 

14 

13.59 

12 

35.39>^K 

14 

22.04 

14 

Mi d~Atlanti c 

10.84 

6 

7.58 

6 

3.92 

6 

14.33 

6 

NE  United  States 

10.47 

6 

1.31 

4 

11.36 

6 

4.36 

6 

Continental  total 

130 . 97^^ 

28 

90 .57^^ 

26 

109.62^^ 

30 

94 .65^^ 

28 

2  - 

^The  test  statistic  is  distributed  approximately  as  X  with  df  -  twice  the 
number  of  comparisons  included.  Significance  levels-  p<0.05  not  indicated^ 
p<0.01.  Greater  detail  is  shown  in  Appendix  Table  B”7 . 


Indirect  Recovery  Distributions  During  Consecutive  Years 

We  compared  indirect  recovery  distributions  of  birds 
banded  in  consecutive  years,  or  groups  of  years,  within  ref¬ 
erence  areas  and  within  age-sex  classes  (Tables  9  and  B-7). 
In  contrast  to  the  direct  recovery  comparisons  discussed 
above,  indirect  recoveries  of  birds  banded  in  consecutive 
years  often  occurred  in  essentially  the  same  hunting  seasons. 
For  example,  here  we  compared  mallards  banded  in  1961 
and  recovered  during  1962-75  with  mallards  banded  in 
1962  and  recovered  during  1963-75.  Numerous  small  but 
significant  differences  (P  <  0.01)  were  detected  in  some 
reference  areas  and  all  age-sex  classes.  Their  combined 
effect  yielded  significant  test  statistics  at  the  continental 
level.  However,  magnitudes  of  these  X"  values  were  sub¬ 
stantially  less  than  corresponding  statistics  for  direct  re¬ 
covery  distributions  during  consecutive  years.  We  con¬ 
cluded  that  these  data  provide  further  justification  for 
combining  banding  and  recovery  data  across  years. 

Summary  of  Age,  Sex,  Type  of  Recovery,  and 
Between-year  Comparisons 

We  found  large  differences  between  recovery  distribu¬ 
tions  of  local-  and  immature-banded  mallards,  particularly 
in  northern  U.S.  major  reference  areas.  We  therefore  ex¬ 
cluded  local-banded  mallards  from  further  analysis.  Sig¬ 
nificant  differences  were  also  found  between  immature  and 


adult,  male  and  female,  direct  and  indirect,  and  annual 
recovery  distributions. 

Direct  recovery  distributions  of  immatures  and  females 
were  generally  centered  farther  north  (closer  to  banding 
sites)  than  those  of  adult  males.  Direct  recovery  distribu¬ 
tions  of  any  age-sex  class,  because  of  the  concentration  of 
direct  recoveries  near  banding  sites,  were  almost  always 
centered  farther  north  than  respective  indirect  recovery  dis¬ 
tributions.  Indirect  recovery  distributions  of  immature 
males  were  centered  nearer  the  middle  of  the  breeding 
range  than  respective  direct  recovery  distributions. 

We  concluded  that  distribution  and  derivation  of  the 
mallard  harvest  could  be  described  using  four  sets  of  data: 
(1)  direct  adult  males,  (2)  adult  females  (direet  and  indi¬ 
rect  adult,  and  indirect  immature  females),  (3)  direet  imma¬ 
tures,  and  (4)  total  (i.e.,  all  age  [locals  excluded],  sex,  and 
recovery  types).  However,  the  fourth  category  also  includes 
indirect  recoveries  of  immature-  and  adult-banded  male 
mallards,  which  are  not  included  in  the  other  categories. 


Recovery  Date  Comparisons 

Dates  on  which  mallards  were  harvested  during  the  hunt¬ 
ing  seasons  present  an  additional  means  of  comparing  age- 
sex  classes.  We  first  modified  recovery  dates  so  that  1  Sep¬ 
tember  was  represented  by  Day  1.  Then  for  each  major  ref- 


14 


1  4»  1 

to 

in 

in 

in 

X 

X 

in 

in 

m 

m 

in 

in 

X 

X 

m 

in 

t 

to 

1  A  1 

c 

c 

c 

c 

X 

X 

c 

c 

c 

c 

c 

c 

X 

X 

c 

c 

1 

CU 

X 

1  a  1 

1 

_c 

< 

!  1 

1 

in  h-  • 

T) 

X 

i  *  1 

r*^ 

Os 

1 

4  t 

C 

Dd 

I  4^  1 

• 

• 

• 

1 

u  <c 

w 

1  in  1 

CM 

Os 

00 

I 

cn  01  • 

1  Ql  1 

CM 

1 

1 

1 

C  4-  t  X 

1 

1 

1 

1 

.p-  4-  m 

1 

1 

T)  Ql  cck: 

in 

1 

I 

c  £  r 

4^ 

4^  1 

in 

X 

in 

X 

m 

in 

in 

X 

X 

in 

in 

X 

m 

X 

X 

in 

1 

ru  L 

in 

A  1 

c 

X 

c 

X 

c 

c 

c 

X 

c 

c 

c 

X 

X 

c 

1 

JQ  o  >  in 

cn 

Ql 

to 

a  1 

1 

4-  J3  ro 

c 

4' 

1 

1 

4 

X 

>  1 

00 

00 

njO 

o 

o 

CM 

1 

ru  >"0  C 

Tt 

01 

4^  1 

• 

• 

• 

• 

» 

p 

p 

1 

4  Ql  2 

C 

o 

< 

in  1 

O' 

m 

ro 

in 

ro 

1 

Ql  C  4  O 

ro 

c 

Ql  1 

1 

1 

1 

1 

1 

1 

1 

1 

cn  o  ro  _c 

ru 

1 

1 

ru  O  m 

o 

1 

1 

c 

1 

1 

•«  2  "O  in 

ru 

4-  ; 

4^  1 

in 

X 

in 

in 

X 

m 

in 

in 

in 

X 

X 

X 

X 

X 

in 

in 

1 

^  O  C-p- 

—  ! 

A  1 

c 

c 

c 

c 

c 

c 

c 

X 

X 

X 

c 

c 

1 

4  JI  -p- 

Oi 

C  1 

to 

a  1 

1 

o  in  p^ 

CT 

OI 

1 

f 

Ql  in  Q) 

1 

X 

•  i 

so 

sO 

vj- 

CM 

o 

as 

1 

L  Ql  —  pH 

in  1 

4^  1 

• 

• 

• 

♦ 

• 

• 

p 

1 

.p-  L  a 

1 

QC 

in  1 

so 

00 

in 

sj- 

in 

00 

vO 

1 

X)  ru  G)  E 

■D  1 

Ql  1 

1 

1 

1 

C  0  ru 

C  1 

1 

1 

p-p-N  C  X 

ru  1 

\ 

I 

•  ru  Ql 

1 

1 

1 

1  4  U 

QJ 

^  1 

4^  1 

m 

X 

X 

X 

in 

X 

in 

X 

X 

X 

X 

X 

X 

X 

X 

m 

1 

m  .P-  L 

qCD 

^  1 

A  I 

c 

X 

X 

X 

c 

X 

c 

X 

X 

X 

X 

X 

X 

X 

c 

r 

4  cu  4-  O 

>  » 

m  1 

c 

a  1 

1 

O  N^  .r-  4- 

-M  in 

>  1 

1 

1 

0)  c 

fV 

ru  i 

X 

•  ! 

o 

c^* 

m 

o 

s3“ 

sD 

in 

00 

NO 

in 

NO 

i 

L  in  cn  pp 

>  Ql 

•D  1 

4'  1 

» 

• 

» 

• 

* 

• 

p 

p 

1 

01  ^ 

L-  L. 

w  1 

cx 

in  1 

sO 

o 

CT^ 

as 

in 

CO 

Os 

00 

in 

00 

o 

ro 

1 

"o  4  in  -< 

w  n) 

1 

Ql  1 

r- 

CM 

-r- 

1 

w  ro  N_/ 

> 

in  1 

1 

1 

£  4- 

o  w 

01  1 

1 

I 

Ql  .P-  O  01 

u  u 

4'  1 

1 

1 

a4  cn 

QJ  C 

ru  i 

4»  1 

in 

in 

X 

X 

X 

X 

in 

X 

X 

X 

X 

X 

X 

X 

X 

X 

( 

>  in  ro 

QJ 

E  I 

A  1 

c 

c 

X 

X 

X 

c 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

4  Ql  u 

L. 

1 

a  1 

I 

ru  "O 

4-  G) 

4J  1 

X  1 

1 

1 

>,  l _ 1  c 

O  H- 

in  1 

01  1 

•  t 

o 

cr\ 

00 

CTv 

ro 

CM 

00 

1 

L  cu  ru 

cu 

Ql  1 

to  1 

4"  1 

» 

• 

» 

• 

t 

* 

. 

• 

* 

p 

p 

1 

CU  4 

in  L 

1 

in  1 

ITi 

CM 

v3- 

so 

ro 

ro 

ro 

NO 

nv 

I 

>  GJ  . 

-4-^ 

1 

Ql  1 

1 

! 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

O  E  CkC 

O  S- 

in  I 

( 

1 

U  ru  ^ 

cu  o 

L.  1 

I 

1 

Ql  L  O 

M - - 

01  1 

1 

1 

L  ro  p  Ql 

4-  ru 

4*  1 

4>  1 

in 

m 

in 

X 

X 

X 

m 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

Qu  o  a 

QJ  E 

Ql  t 

A  1 

c 

c 

c 

X 

X 

X 

r* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

> 

E  ( 

a  t 

1 

"O  114 

01  E 

ru  1 

Ql  t 

1 

I 

Ql  • 

X  O 

I-  1 

O)  1 

«  1 

w- 

00 

o 

00 

•- 

00 

00 

o 

in 

o 

1 

L  4  > 

ru  i 

C  1 

4  1 

* 

• 

» 

• 

• 

* 

* 

p 

p 

p 

1 

ru  Ql  A  L 

4- 

CL  \ 

in  1 

sT 

sO 

m 

in 

o 

o 

in 

in 

sO 

n- 

in 

1 

QpH  a  Ql 

Oi 

1 

Ql  1 

'T- 

1 

E  ro  > 

c  m 

1 

1 

1 

o  E  X  o 

.p-  -D 

1 

1 

1 

U  XU 

-H  i_ 

1 

1 

1 

1  G) 

m  fD 

1 

Of  1 

4  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

Q!  pp^  L 

Ql  i-H 

1 

a  1 

A  1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

) 

L  Ql  in 

-M  ^ 

1 

>  1 

a  I 

1 

Ql  pH  O  4- 

ru 

1 

4*  1 

1 

1 

2  ru  *  o 

4-  E 

1 

1 

*  1 

hO 

ON 

vT 

hO 

<r- 

•-* 

as 

ro 

ro 

Os 

nJ- 

in 

I 

E  O 

o 

1 

»  1 

4  1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

p 

p 

i 

4  Ql  in 

4- 

1 

U  1 

in  t 

ro 

o 

r-- 

m 

CO 

ro 

CM 

CM 

00 

ro 

^o 

00 

NO 

n- 

1 

U  4-  n  4 

in  o 

1 

Ql  1 

Ql  1 

(\J 

I 

1 

1 

1 

•— 

»— 

) 

»— 

1 

1 

1 

1 

1 

CU  w  o 

4^ 

1 

CkH 

1 

I 

1 

1 

1 

1 

i 

1 

1 

4>  4  (U 

^  m 

1 

1 

4-  X  A  4- 

D  Q) 

1 

1 

Ql  CU  a4- 

in  -p 

1 

ro 

p^ 

1 

in  01 

CU  fO 

1 

as 

o 

1 

C  X 

I-  -D 

1 

Nd“ 

CO 

sO 

1 

pp-  XI  w  Ql 

^  I 

1*^ 

in 

Os 

ro 

1 

ro  C  JC 

4-  > 

in  1 

o 

CO 

>w/‘ 

•— 

nS- 

1 

E  ru  4  4 

O  t- 

ru 

Ql  1 

o 

o 

C3 

,r- 

r>v 

1 

c 

CU 

Ql 

•-  1 

in 

in 

c 

/-N 

/-N 

ro 

i 

2:  ro  c 

>  > 

L 

L  1 

ON 

m 

▼- 

4 

»— 

o 

CM 

ro 

00 

o 

w 

1 

O  p-^  O  Ql 

t-  o 

ru 

CU  1 

<r 

C 

O 

cn 

s3- 

c 

C5 

CO 

1 

ro  Ql  Ql 

nj  o 

>  1 

Vj- 

hO 

o 

'f— 

Ql 

ro 

<r 

sJ- 

•  p~ 

00 

os 

in 

1 

Ql  L  4-  2 

E  (U 

Ql 

O  1 

c 

c 

CD 

L 

ro 

in 

m 

Nj- 

Ql 

1 

D  'p-  4 

E  1- 

u 

O  1 

00 

4 

Os 

ru 

ro 

3 

O 

sO 

ru 

W 

4 

1 

4-  4  C  Ql 

□ 

c 

Ql  1 

2 

•— 

2 

2 

1 

01 

c 

CO 

N-/ 

ru 

1 

o  ro  cnjD 

to  c 

Ql 

L  1 

z: 

s-/ 

01 

Ql 

c 

D 

1 

ru 

.p- 

u 

4 

1 

E  — 

o 

L 

1 

X 

X 

ru 

ru 

O' 

ru 

in 

* 

m 

to 

1 

in  E  m  c 

Ql 

4-  1 

z: 

ru 

u 

u 

X 

c 

c 

4 

c 

Ql 

4 

1 

pH  .p-  o 

* 

4- 

O  1 

0 

4 

4 

4 

o 

3 

o 

L 

c 

•p- 

JxT 

C 

*D 

) 

Ql  Ql  -p- 

o  cO 

01 

1 

*p- 

1 

L 

ru 

ro 

4 

z 

4 

O 

D 

ru 

>p- 

ro 

ru 

Ql 

1 

>1  L  4 

^  Xw* 

L 

L  1 

4- 

CU 

-2t: 

1 

l 

cn 

4“ 

O 

p-H 

L 

4 

4 

1 

Ql  CU  U 

01  i 

•  r- 

ro 

X 

in 

in 

C 

c 

E 

CL 

D 

4 

•  p~ 

1 

pH  4  2  ru 

01  X 

c. 

X  1 

0 

4 

ru 

ru 

ru 

m 

4 

>r- 

rH 

L 

O 

4 

< 

C 

1 

pH  L 

cu 

o 

E  1 

ru 

< 

to 

CO 

e: 

ru 

r- 

X 

ru 

Ql 

JZ 

in 

ru 

1 

ZD 

1 

O  D4  Ql 

X  in 

D  1 

Cl 

< 

to 

O 

in 

o 

4 

C71 

in 

Ql 

*0 

1 

2  X  ru  4 

OJ 

ru 

C  1 

3 

3 

UJ 

3 

ru 

C 

tp~ 

lr~ 

L 

.p~ 

UJ 

1 

H-  ru  X  C 

h- 

s: 

w  1 

ZC 

z 

to 

to 

to 

to 

z 

UJ 

3 

z 

rn 

X 

O 

s: 

z 

1 

<tJ  w  4  -p- 

15 


erence  area  we  examined  the  effects  of  type  of  recovery 
(direct  or  indirect),  age  at  banding  (adult  or  immature), 
and  sex  (male  or  female)  on  recovery  dates.  As  used  here, 
type  of  recovery  is  a  measure  of  age. 

There  were  consistent  effects  of  recovery  type,  age  at 
banding,  sex,  and  interactions  among  main  effects  within 
most  reference  areas  (Table  10).  For  example,  a  significant 
interaction  between  recovery  type  and  age  (R*A)  simply 
means  that  the  effect  of  recovery  type  was  not  the  same 
over  all  ages,  or  vice  versa.  Direct  recoveries  generally 
occurred  earlier  during  the  hunting  season  than  indirect 
recoveries.  Mean  recovery  dates  for  immatures  were  earlier 
than  dates  for  adults,  and  females  were  recovered  earlier 
than  males. 

We  combined  recoveries  from  bandings  in  all  areas  and 
repeated  the  analysis  (Table  11)  because  the  parameter  esti¬ 
mates  did  not  vary  greatly  from  one  reference  area  to  the 
next.  All  main  effects  and  interactions  were  again  highly 
significant,  with  parameter  estimates  of  similar  magnitude. 

As  an  extension  of  our  recovery  date  analysis,  we  sub¬ 
divided  indirect  recoveries  into  HSS-2  (birds  harvested  dur¬ 
ing  their  second  hunting  season  after  banding)  and  HSS3-N 
classes  (Table  12).  Most  of  the  interaction  terms  were  not 
significant,  but  differences  due  to  recovery  type,  age,  and 
sex  were  still  found  within  most  reference  areas.  We  again 
combined  recoveries  from  all  reference  areas  (Table  13). 
Parameter  estimates  were  generally  smaller  but  direc¬ 
tionally  consistent  with  previous  results.  The  largest  de¬ 
tected  differences  were  between  females  and  males 
(8.4  days)  and  recovery  type  (3.3  days). 

Recovery  date  differences  were  consistent  within  age-sex 
classes  (Table  14).  For  birds  banded  as  immatures,  HSS3-N 
recoveries  occurred  at  a  significantly  later  date  than  HSS-2 
recoveries,  which  in  turn  occurred  at  a  significantly  later 
date  than  direct  (HSS-1)  recoveries.  Birds  banded  as  adults 
showed  the  same  pattern,  but  not  to  the  same  extent. 


There  are  apparent  differences  in  dates  of  recovery 
beyond  the  first  year  after  banding  and,  quite  possibly,  dis¬ 
tributional  differences.  We  can  only  speculate  on  the  impor¬ 
tance  of  these  differences,  since  Botkin  and  Miller  (1974) 
concluded  that  the  prevailing  hypothesis  of  constant  annual 
mortality  among  adult  birds  (age-independent)  was  ques¬ 
tionable.  With  few  exceptions  (e.g..  Model  H3  in  Brownie 
et  al.  1978:80),  survival  rate  estimation  requires  the 
assumption  that  survival  and  recovery  rates  are  age- 
dependent  only  for  the  first  year  of  life.  Differences  in  dates 
of  recovery  and  geographic  distribution  raise  the  possibility 
that  survival  or  recovery  rates  may  also  change  as  a  func¬ 
tion  of  years  after  banding.  The  effects  of  such  changes  in 
survival  or  recovery  rates  on  estimates  of  these  rates  are 
examined  in  Appendix  C.  A  summary  of  results  obtained 
under  Model  1  of  Brownie  et  al.  (1978)  is  presented  here. 

If  recovery  rates  increase  as  a  function  of  years  after 
banding,  then  recovery  rates  will  be  underestimated  and 
survival  rates  will  be  overestimated.  Alternatively,  if 
recovery  rates  decrease,  then  recovery  rates  will  be  over¬ 
estimated  and  survival  rates  underestimated.  The  effects 
of  changes  in  survival  rates  are  opposite  those  of  changes 
in  recovery  rates.  Recovery  rates  will  be  underestimated 
and  survival  rates  overestimated  (for  most  years)  if  survival 
rates  increase  as  a  function  of  years  after  banding;  decreas¬ 
ing  survival  rates  cause  overestimates  of  recovery  rate  and 
underestimates  of  survival  rate. 

The  magnitude  of  bias  in  survival  or  recovery  rate  esti¬ 
mates  is  affected  by  the  extent  to  which  the  true  rates  vary 
with  years  after  banding.  Fortunately,  power  of  the  good- 
ness-of-fit  test  to  reject  the  model  increases  with  larger 
changes  in  survival  rates.  However,  the  test  has  very  little 
power  to  detect  such  changes  in  recovery  rates. 

We  conclude  that  the  data  would  usually  be  rejected  by 
the  goodness-of-fit  test  if  mallard  survival  rates  actually 
changed  as  a  function  of  years  after  banding.  Although  the 


Table  11.  The  effects  of  recovery  type»  age  at  banding,  and  sex  on  recovery 
dates  of  mallards.^ 


Source 

df 

Sum  of  squares 

F  value 

p>F 

Estimate 
( Days) 

Model 

7 

5467831 . 4 

775.  19 

0.000  1 

Recovery  type  (R) 

(  1) 

1542208 .  1 

1530.49 

0.0  0  0  1 

“9.3 

Age  at  banding 

(  1  ) 

893996  .  1 

887.21 

0.0  0  0  1 

7  .  0 

Sex 

(  1) 

76726  1  .4 

76  1.43 

0  .  0  0  0  1 

-6.5 

R  ^  Age  interaction 

(  1  ) 

362450 .  1 

359.70 

0  .  0  0  0  1 

9.0 

R  Sex  interaction 

(  1  ) 

78990 . 1 

78 .39 

0.0  0  0  1 

4.2 

Age  ^  Sex  interaction 

C  1  ) 

6  1467.7 

6  1.00 

0.0  0  0  1 

3.7 

R  ^  Age  ^  Sex  interaction 

(  1  ) 

42889.3 

42.56 

0.0  0  0  1 

-6.2 

Error 

82364 

82994355 . 6 

Corrected  total 

8237  1 

88462187.0 

^Day  1  =  1  September.  Inexact  recovery  dates  were  excluded.  All  major 
reference  and  harvest  areas  and  1961-75  hunting  seasons  were  combined. 
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Table  13.  The  effects  of  recovery  type,  age  at  banding, 
indirect  recoveries  of  mallards.^ 


and  sex  on  dates  of 


Source 

df 

Sum  of  squares 

F  value 

P>F 

Estimate 
( Day 5 ) 

Model 

7 

821955,6 

110.99 

0.0  00  1 

Recovery  type  (R) 

(  1 ) 

88086 . 9 

83.26 

0  .  0  00  1 

-3.3 

Age  at  banding 

(  1 ) 

522  13.  1 

49.35 

0  .  000  1 

2.5 

Sox 

(  1  ) 

579362.9 

547.63 

0  .  00  0  1 

-8.4 

R  ^  Age  interaction 

(  1 ) 

12356 . 0 

12.53 

0.0  004 

2.5 

R  ^  Sex  interaction 

(  1) 

44 . 9 

0  .  04 

0.8368 

-0,2 

Age  ^  Sex  interaction 

(  1 ) 

1439.0 

1 .36 

0.2435 

-0.8 

R  ^  Age  ^  Sex  interaction 

(  1 ) 

35.9 

0 .03 

0.8538 

-0.3 

Error 

37226 

39383210.5 

Corrected  total 

37233 

40205  166 .  1 

®Day  1  =  1  September.  Inexact  recovery  dates  were  excluded.  Indirect 
recoveries  were  split  into  HSS-Z  and  H5S3-N  categories.  All  major  reference 
and  harvest  areas  and  1961-75  hunting  seasons  were  combined. 


model  was  insensitive  to  similar  changes  in  recovery  rates, 
we  do  not  expect  these  changes  to  be  large  enough  to  appre¬ 
ciably  bias  survival  rate  estimates.  We  further  conclude  that 
results  generally  parallel  those  of  our  geographic  distribu¬ 
tion  comparisons,  although  differences  in  mean  recovery 
dates  were  small.  For  instance,  we  previously  concluded 
that  direct  immature  male  and  female  recovery  distribu¬ 
tions  were  sufficiently  similar  geographically  to  allow  their 
combination;  their  mean  recovery  dates  differed  temporally 
by  about  1  day.  Our  data  suggest  that  differences  in  dates 
of  recovery  are  age-  and  sex-dependent  beyond  the  first  year 
of  life,  and  to  some  extent  provide  evidence  for  a  “subadult” 


age  class.  Anderson  (1975:18)  concluded  there  was  insuf¬ 
ficient  evidence  that  mallard  subadult  survival  or  recovery 
rates  were  different  from  adult  survival,  although  his  test 
results  were  not  conclusive.  Hopper  et  al.  (1978)  found  no 
differences  in  survival  or  recovery  rates  between  subadult 
and  adult  mallards  banded  during  the  winter,  although 
they  found  substantial  distributional  differences  in  recovery 
patterns.  We  suggest  that  these  age-  and  sex-specific  dif¬ 
ferences  in  timing  of  recovery  (harvest)  may  be  related  to 
differential  vulnerability,  but  differential  availability 
(timing  and  rate  of  movement  through  harvest  areas)  cannot 
be  discounted. 


Table  14.  Mean  dates  of  mallard  recoveries  by  age,  sex,  and  three  categories 
of  time  between  banding  and  recovery  (all  major  reference  and  harvest  areas, 
and  1961-75  hunting  seasons  combined).^ 
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Distribution  of  Mallard  Harvest  from 
Breeding  Reference  Areas 

Harvest  distribution  was  based  on  recoveries  that  were 
each  adjusted  for  band  reporting  rate.  Indirect  recoveries 
were  adjusted  with  the  estimated  reporting  rate  for  the  re¬ 
covery  year.  Population  weighting  was  not  necessary  be¬ 
cause  each  reference  area  was  addressed  separately. 

Table  15  shows  percent  distribution  of  the  harvest  of 
adult  males  from  major  breeding  ground  reference  areas 
to  harvest  areas  as  previously  defined.  Tables  16,  17,  and 
18  show  the  same  information  for  adult  female,  immature, 
and  total  mallards.  Two  maps  were  prepared  for  each 
major  reference  area  to  facilitate  presentation  of  these  data: 
(1)  a  map  showing  harvest  distribution  by  age-sex  class 
among  Alaska-Canada,  the  flyways,  and  High  (west)  and 
Low  (east)  Plains  portions  of  the  Central  Flyway  (separated 
by  the  100th  meridian);  and  (2)  an  adjoining  map  showing 
distribution  of  the  total  mallard  harvest  among  harvest 
areas,  based  on  direct  and  indirect  recoveries  of  all  age-sex 
classes,  except  locals.  A  brief  description  of  harvest  distri¬ 
bution  from  each  major  reference  area  is  presented  here. 

N  Pacific.  —  Distribution  of  the  harvest  from  this  area  was 
based  on  a  small  sample  of  226  recoveries  (Table  18).  The 
harvest  occurred  mainly  in  Alaska-Canada  and  the  Pacific 
Flyway  (Fig.  2).  British  Columbia,  Washington,  and  Ore¬ 
gon  accounted  for  84.3%  of  the  total  mallard  harvest 
(Fig.  3). 

N  Alter ta-N  Northwest  Territories.  —  Harvest  from  this 
area  was  well  distributed  among  Canada  and  the  flyways 
(Fig.  4),  except  for  the  Atlantic  Flyway.  Immatures  (49% ) 
predominated  in  Canada.  Based  on  total  mallards  (Fig.  5), 
Alberta  (18.9%)  and  Washington  (10.7%)  were  major  har¬ 
vest  areas.  Some  of  these  birds  move  across  the  northern 
portion  of  the  High  Plains,  the  Low  Plains,  and  into  west¬ 
ern  Mississippi  Flyway  States  such  as  Arkansas  (7.3%)  and 
Louisiana  (5.8%). 

SW  Alberta. —The  Pacific  Flyway  (33%),  Canada 
(31%),  and  the  Central  Flyway  (25%,  including  16%  in 
the  High  Plains)  received  the  major  portion  of  the  total  mal¬ 
lard  harvest  from  this  area;  the  harvest  of  immatures  (59  % ) 
and  adult  females  (38%)  occurred  mainly  in  Canada, 
whereas  that  of  adult  males  (40%)  occurred  mainly  in  the 
Pacific  Flyway  (Fig.  6).  Major  harvest  areas  (Fig.  7)  were 
Alberta  (28.6%),  Idaho  (11.5%),  and  Washington 
(11.3%). 

SW  Saskatchewan.  —  The  Mississippi  Fly  way  (42  % )  was 
the  major  recipient  of  the  total  mallard  harvest  from  this 
area  (Fig.  8);  most  of  the  remaining  harvest  was  equally 
divided  between  Canada  and  the  Central  Flyway  (both 
26 % ).  A  higher  proportion  of  total  mallards  from  this  area 
was  harvested  in  the  Low  Plains  (18%)  than  in  the  High 
Plains  (8  % ) .  The  immature  harvest  (46  % )  occurred  mainly 
in  Canada,  whereas  42-44  %  of  the  adult  harvest  occurred 
in  the  Mississippi  Flyway.  Major  harvest  areas  (Fig.  9)  were 


Saskatchewan  (19.8%),  Arkansas  (13.1  %),  and  Louisiana 
(9.0%). 

SE  Saskatchewan.  —  Except  for  the  increased  importance 
of  the  Mississippi  Flyway,  and  the  decreased  importance 
of  the  High  Plains,  distribution  of  harvest  from  this  area 
(Fig.  10)  was  similar  to  that  from  SW  Saskatchewan 
(Fig.  8).  Immatures  (47%)  were  harvested  mainly  in 
Canada,  whereas  adults  (males,  58  % ;  females,  51  % )  were 
harvested  mainly  in  the  Mississippi  Flyway.  Most  birds  from 
this  area  move  south  into  the  Low  Plains  and  then  south¬ 
east  into  the  Mississippi  Flyway.  Major  harvest  areas 
(Fig.  11)  also  included  Saskatchewan  (22.7%),  Arkansas 
(14.5%),  and  Louisiana  (10.4%). 

SW  Manitoba. —The  Mississippi  Flyway  (47%)  and 
Canada  (39%)  accounted  for  most  of  the  total  mallard  har¬ 
vest  from  this  area  (Fig.  12).  Among  the  four  southern 
Canadian  reference  areas  from  Alberta  to  Manitoba,  this 
area  contributed  the  greatest  percentage  of  its  total  mal¬ 
lard  harvest  to  Canada.  The  two  reference  areas  in  south¬ 
ern  Saskatchewan  and  the  SW  Manitoba  area  showed  simi¬ 
lar  patterns  of  harvest  distribution,  such  as  (1)  the  Missis¬ 
sippi  Flyway  as  the  major  recipient  of  adult  and  total  mal¬ 
lard  harvests,  (2)  Canada  as  the  major  recipient  of  the 
immature  harvest,  (3)  a  higher  percentage  of  adult  females 
than  adult  males  harvested  in  Canada,  and  (4)  Arkansas 
as  the  major  harvest  area  in  the  United  States  (Fig.  13). 
About  10%  of  the  total  mallard  harvest  from  this  area 
occurred  in  the  Low  Plains. 

N  Saskatchewan-N  Manitoba-W  Ontario.  —  Although  a 
reasonable  number  of  recoveries  was  available  (1,002  for 
total  mallards),  the  banding  distribution  was  probably  too 
heavily  concentrated  along  the  southern  margin  to  be  rep¬ 
resentative  of  the  entire  area.  The  Mississippi  Fly  way  domi¬ 
nated  in  the  harvest  represented  by  these  bandings  with 
54%  of  the  adult  males,  69%  of  the  adult  females,  57% 
of  the  immatures,  and  61  %  of  the  total  mallard  harvest 
(Fig.  14).  This  was  the  only  Canadian  reference  area  from 
which  more  immatures  were  harvested  in  the  United  States 
than  in  Canada.  Major  mallard  harvest  areas  (Fig.  15)  were 
Manitoba  (12.1%),  Minnesota  (11.4%),  and  Ontario 
(8.8%). 

E  Ontario-W  Quebec.  —  This  was  the  only  Canadian  ref¬ 
erence  area  for  which  the  total  harvest  in  Canada  (61  %) 
exceeded  that  in  the  United  States  (Fig.  16),  and  for  which 
most  of  the  harvest  in  the  United  States  occurred  in  the 
Atlantic  Flyway  (23%).  Ontario  accounted  for  51.8%  of 
the  total  mallard  harvest  from  this  area  (Fig.  17). 

Washington-Oregon.  —  For  total  mallards,  95%  of  the 
harvest  from  this  area  remained  within  the  Pacific  Fly  way 
(Fig.  18)  and  80.6%  remained  within  the  reference  area 
(Fig.  19).  Other  than  Washington  and  Oregon,  California 
(11.2%)  and  British  Columbia  (3.6%)  were  the  major  har¬ 
vest  recipients. 

N  California.  —  Ninety-nine  percent  of  the  harvest  from 
this  area  remained  within  the  Pacific  Fly  way  (Fig.  20)  and 
90.7%  within  California  (Fig.  21). 
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Intermountain.  —  Most  of  this  reference  area  is  in  the 
Pacific  Flyway,  and  83%  of  the  total  mallard  harvest  re¬ 
mained  in  the  Flyway  (Fig.  22).  A  large  percentage  (71.4%) 
of  the  total  harvest  of  these  birds  occurred  within  the  ref¬ 
erence  area  (Fig.  23).  The  higher  incidence  of  adult  females 
(15%)  than  adult  males  (4%)  in  the  Central  Flyway  from 
this  area  probably  is  not  meaningful.  This  difference  ap¬ 
parently  resulted  from  the  banding  of  relatively  large  num¬ 
bers  of  immatures  and  few  adults  near  the  eastern  boundary 
of  the  area,  and  our  inclusion  of  direct  recoveries  of  adult 
females  with  indirect  recoveries  of  immature  females.  About 
1%  of  these  birds  were  harvested  in  the  Low  Plains. 

High  Plains.  —  This  area  is  almost  entirely  within  the 
Central  Flyway  (Fig.  24).  Eighty-six  percent  of  the  total 
mallard  harvest  remained  within  the  Fly  way.  However, 
the  high  percentage  (79%)  of  harvest  in  the  High  Plains 
portion  of  the  Central  Flyway  and  the  64%  harvested  in 
Eastern  Colorado  (Fig.  25)  are  biased  upward  by  unrep- 
resentatively  large  numbers  of  birds  banded  in  the  San  Luis 
Valley  at  the  southern  extreme  of  the  reference  area.  About 
25%  of  the  recoveries  from  mallards  banded  preseason  in 
Eastern  Montana  (northern  extreme  of  the  area)  were  re¬ 
ported  from  the  Mississippi  Flyway  (Anderson  and  Henny 
1972). 

Missouri  River  Basin.  —  The  Mississippi  Flyway  domi¬ 
nated  in  the  harvest  from  this  area  (Fig.  26),  although  the 
major  portion  of  this  area  is  in  the  Central  Fly  way.  Large 
banded  samples  in  the  northeastern  portion  (western 
Minnesota)  of  the  reference  area  overemphasized  impor¬ 
tance  of  the  Mississippi  Flyway  in  the  harvest  (67  % )  of  birds 
from  this  area.  Minnesota,  with  23.3%  of  the  total  mallard 
harvest  (Fig.  27),  dominated  as  a  harvest  area,  with 
Arkansas  (10.8  % )  second.  About  5  %  of  the  mallard  harvest 
from  this  area  extended  to  the  High  Plains,  whereas  17% 
remained  within  the  Low  Plains. 

Great  Lakes.  —  Eighty-three  percent  of  the  total  mallard 
harvest  from  this  area,  located  entirely  within  the  Missis¬ 
sippi  Flyway,  remained  within  the  Flyway  (Fig.  28).  The 
Atlantic  Flyway  was  second  in  importance  with  8  %  of  the 
total  mallard  harvest  and  15%  of  the  adult  males,  Wiscon¬ 
sin  was  the  major  harvest  area  (34.8%,  Fig.  29). 

Mid-Atlantic.  —  All  of  this  area,  except  for  Ohio,  is  in  the 
Atlantic  Flyway  (Fig.  30).  Seventy-three  percent  of  the 
combined  harvest  occurred  in  the  Atlantic  Flyway,  18% 
in  the  Mississippi  Fly  way,  and  8%  in  Canada.  As  noted 
earlier  with  respect  to  the  Intermountain  area,  the  inclu¬ 
sion  of  indirect  immature  female  recoveries  to  represent  the 
harvest  of  adult  females  probably  exaggerated  the  distri¬ 
bution.  The  most  prominent  harvest  areas  (Fig.  31)  were 
New  York  (34.9%),  Pennsylvania  (13.4%),  and  Ohio 
(7.2%). 

NE  United  States.  —  Most  of  the  harvest  from  this  area 
is  distributed  in  the  Atlantic  Fly  way  (Fig.  32) .  The  relative 
dispersion  of  adult  females  to  adult  males  is  also  probably 
exaggerated.  The  most  prominent  harvest  areas  (Fig.  33) 
were  New  York  (30.5%),  New  England  (19.3%),  and  On¬ 


tario  (15.9%).  However,  both  here  and  in  \he Mid- Atlantic 
the  importance  of  New  York  is  exaggerated  by  the  relatively 
high  intensity  of  banding  there. 

Comparison  of  Harvest  Distribution  from 
Banding  Data  and  Harvest  Survey  Data 

Percent  distribution  of  the  total  mallard  harvest  in  the 
United  States,  based  on  banding  and  recovery  data  used 
in  this  report  (1961-75),  is  compared  in  Table  19  with  the 
distribution  indicated  by  harvest  surveys  (1966-75)  as  sum¬ 
marized  by  Carney  et  al.  (1978).  Both  are  estimates  and 
it  would  be  inappropriate  to  view  one  as  a  “check”  on  the 
other.  However,  we  have  greater  confidence  when  these 
independently  obtained  estimates  agree  with  each  other. 

Banding  and  harvest  data  agreed  most  closely  in  the  Mis¬ 
sissippi  Elyway;  both  data  sources  indicated  that  Arkansas 
was  the  area  of  greatest  mallard  harvest  in  the  United  States 
(Table  19).  Harvest  in  the  combined  Pacific  and  Central 
fly  ways  was  48.8%  as  indicated  by  banding  data  and 
49.2  %  by  harvest  surveys.  Banding  data  suggested  that  the 
larger  portion  of  harvest  occurred  in  the  Central  Flyway, 
but  harvest  data  suggested  that  the  Pacific  Fly  way  harvested 
the  larger  portion.  Geis  (1971)  demonstrated  a  similar  pat¬ 
tern  of  disagreement  using  a  more  restricted  banding  and 
harvest  data  set  (1966-68)  and  State-  and  Province- defined 
population  weights.  We  suspect  the  discrepancy  in  Cali¬ 
fornia  is  due  to  a  lack  of  banded  birds  in  important  source 
areas.  Birds  banded  in  Colorado’s  San  Luis  Valley  were  as¬ 
signed  population  weights  for  the  High  Plains,  which 
resulted  in  a  overweighting  of  these  birds  and  an  overesti¬ 
mate  of  the  harvest.  San  Luis  Valley  mallard  recoveries  also 
were  reported  at  unusually  high  rates  associated  with 
experimental  seasons  (Hopper  et  al.  1975). 

Derivation  of  Mallard  Harvest  from 
Breeding  Reference  Areas 

Harvest  derivation  (Tables  20-23)  was  based  on  re¬ 
coveries  that  were  each  adjusted  for  band  reporting  rate 
and  then  population- weighted  (see  Methods).  Reporting 
rate  adjustments  were  based  on  the  recovery  year,  whereas 
population  weights  reflected  the  band  year.  Estimates  of 
harvest  derivation  rely  on  accurate  preseason  population 
estimates,  and  adequate  and  representative  banding  of  all 
population  segments;  for  these  and  other  reasons  caution 
must  be  exercised  in  their  interpretation.  For  example, 
banding  effort  was  low  in  Eastern  Wyoming  compared  to 
other  Central  Flyway  States.  This  perhaps  led  to  an  under¬ 
estimation  of  the  importance  of  locally  derived  birds  and 
a  consequent  overestimation  of  the  importance  of  birds  from 
other  areas. 

We  have  simplified  and  summarized  information  con¬ 
tained  in  Tables  20-23  by  presenting  two  maps  (Ap¬ 
pendix  D)  for  harvest  areas  that  accounted  for  0.5%  or 


blG  15,  Percent  distribution  of  the  adult  male  mallard  harvest  from  major  reference  areas  to  harvest  areas  within 
the  United  States  and  Canada  (1961-75  hunting  seasons  combined). ^ 
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Table  15.  Continued. 
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distribution  was  based  on  direct  and  indirect  adultt  and  indirect  immature  female  recoveries  (N  actual)  that 
1  adjusted  for  band  reporting  rate  (N  adj . ) . 
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the  United  States  and  Canada  (1961-75  hunting  seasons  combined).® 
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that  were  each  adjusted  for  band  reporting  rate  (N  adj . ) . 
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Fig.  2.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  3.  Percent  distribution  of  the  mallard  harvest  from  the 

(including  Alaska-Canada  and  the  100th  meridian  division  in  N  Pacific  major  reference  area  (shaded)  to  harvest  areas  within 

the  Central  Flyway)  from  the  N  Pacific  major  reference  area  the  United  States  and  Canada. 

(shaded),  AM  =  adult  male,  AF  =  adult  female,  Imm  =  imma¬ 
ture,  t  =  trace  percentages  (less  than  1,0%). 


Fig.  4.  Percent  distribution  of  the  mallard  harvest  among  flyways 
(including  Alaska-Canada  and  the  100th  meridian  division  in 
the  Central  Flyway)  from  the  N  Alherta-N  Northwest  Territories 
major  reference  area  (shaded).  AM  =  adult  male,  AF  =  adult 
female,  1mm  =  immature,  t  =  trace  percentages  (less  than 
1.0%). 


Fig.  5.  Percent  distribution  of  the  mallard  harvest  from  the  N  Al¬ 
herta-N  Northwest  Territories  major  reference  area  (shaded)  to 
harvest  areas  within  the  United  States  and  Canada. 
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Fig.  6.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  7.  Percent  distribution  of  the  mallard  harvest  from  the 

(including  Alaska-Canada  and  the  100th  meridian  division  in  SW  Alherta  major  reference  area  (shaded)  to  harvest  areas 

the  Central  Flyway)  from  the  SW  Alherta  major  reference  area  within  the  United  States  and  Canada. 

(shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm  =  imma¬ 
ture,  t  =  trace  percentages  (less  than  1.0%). 


Fig.  8.  Percent  distribution  of  the  mallard  harvest  among  fly  ways  Fig.  9.  Percent  distribution  of  the  mallard  harvest  from  the  SW  Sav- 

(including  Alaska-Canada  and  the  100th  meridian  division  in  katchewan  major  reference  area  (shaded)  to  harvest  areas  within 

the  Central  Fly  way)  from  the  SW  Saskatchewan  major  reference  the  United  States  and  Canada, 

area  (shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm 
=  immature,  t  =  trace  percentages  (less  than  1.0%). 
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Fig.  10.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  11.  Percent  distribution  of  the  mallard  harvest  from  the  SE 

{ineluding  Alaska-Canada  and  the  100th  meridian  division  in  Saskatchewan  major  reference  area  (shaded)  to  harvest  areas 

the  Central  Flyway)  from  the  SE  Saskatchewan  major  reference  within  the  United  States  and  Canada, 

area  (shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm 
=  immature,  t  =  trace  percentages  (less  than  1.0%). 


Fig.  12.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  13.  Percent  distribution  of  the  mallard  harvest  from  the  SW 

(including  Alaska-Canada  and  the  100th  meridian  division  in  Manitoba  major  reference  area  (shaded)  to  harvest  areas  within 

the  Central  Flyway)  from  the  SW  Manitoba  major  reference  the  United  States  and  Canada, 

area  (shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm 
=  immature,  t  =  trace  percentages  (less  than  1.0%). 
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Fig.  14.  Percent  distribution  of  the  mallard  harvest  among  fly  ways 
(including  Alaska-Canada  and  the  100th  meridian  division  in 
the  Central  Flyway)  from  the  N  Saskatchewan-N  Manitoba- 
W  Ojitario  major  reference  area  (shaded).  AM  =  adult  male, 
AF  =  adult  female,  Imm  =  immature,  t  ^  trace  percentages 
(le.ss  than  1.0%). 


Fig.  15.  Percent  distribution  of  the  mallard  harvast  from  the  N  Sas¬ 
katchewan-N  Manitoha-W  Ontario  major  reference  area 
(.shaded)  to  harve.st  areas  within  the  United  States  and  Canada. 


Fig.  16.  Percent  distribution  of  the  mallard  harvest  among  fly\va\s  Fig.  17.  Percent  distribution  of  the  mallard  harve.st  from  the  E  On- 

(including  Ala.ska-Canada  and  the  100th  meridian  di\'ision  in  tario-\V  Quebec  major  reference  area  (shaded)  to  harve.st  areas 

the  Central  Flyway)  from  the  E  Ontario-W  Quebec  major  within  the  United  States  and  Canada, 

reference  area  (.shaded).  AM  =  adult  male,  AF  =  adult 
female,  Imm  =  immature,  t  =  trace  percentages  (le.s.s  than 
1.0%). 
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Fig.  18.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  19.  Percent  distribution  of  the  mallard  harvest  from  the  Wr/.s7i- 

(incliiding  Alaska-Canada  and  the  100th  meridian  division  in  in^ton-Orcfron  major  reference  area  (shaded)  to  harve.st  areas 

the  Central  Flyway)  from  the  Washingtoii  -  Oregon  major  within  the  United  States  and  Canada, 

reference  area  (shaded).  AM  =  adult  male,  AF  =  adult 
female,  Imm  =  immature,  t  =  trace  percentages  (le.ss  than 
1.0%). 


Fig.  20.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  21.  Percent  distribution  of  the  mallard  harvest  from  the  N 

(including  Alaska-Canada  and  the  100th  meridian  division  in  California  major  reference  area  (.shaded)  to  harvest  areas  within 

the  Central  Flyway)  from  the  California  major  reference  area  the  United  States  and  Canada. 

(.shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm  = 
immature,  t  =  trace  percentages  (le.ss  than  1.0%). 
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Fig.  22.  Percent  distribution  of  the  mallard  harvest  among  flyways 
(including  Alaska-Canada  and  the  100th  meridian  division  in 
the  Central  Flyway)  from  the  Intennountain  major  reference 
area  (shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm 
-  immature,  t  =  trace  percentages  (less  than  1.0%). 


Fig.  23.  Percent  distribution  of  the  mallard  harvest  from  the  Inter- 
77ioui^tain  major  reference  area  (shaded)  to  harvest  areas  within 
the  United  States  and  Canada. 


Fig.  24.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  25.  Percent  distribution  of  the  mallard  harvest  from  the  High 

(including  Alaska-Canada  and  the  100th  meridian  division  in  Plains  major  reference  area  (shaded)  to  harvest  areas  within  the 

the  Central  Flyway)  from  the  High  Plains  major  reference  area  United  States  and  Canada. 

(shaded).  AM  =  adult  male,  AF  =  adult  female.  Imm  = 
immature,  t  =  trace  percentages  (less  than  1.0%). 
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Fig.  26.  Percent  distribution  of  the  mallard  harvest  among  flyways  Fig.  27.  Percent  distribution  of  the  mallard  harvest  from  the 

(including  Alaska-Canada  and  the  100th  meridian  division  in  Missouri  River  Basin  major  reference  area  (shaded)  to  harvest 

the  Central  Fly  way)  from  the  Missouri  River  Basin  major  areas  within  the  United  States  and  Canada, 

reference  area  (shaded).  AM  ==  adult  male,  AF  =  adult 
female,  Imm  =  immature,  t  =  trace  percentages  (less  than 
1.0%). 


Fig.  28.  Percent  distribution  of  the  mallard  harvest  among  flyways 
(including  Alaska-Canada  and  the  100th  meridian  division  in 
the  Central  Flyway)  from  the  Great  Lakes  major  reference  area 
(shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm  = 
immature,  t  =  trace  percentages  (less  than  1.0%). 


Fig.  29.  Percent  distribution  of  the  mallard  harvest  from  the  Great 
Lakes  major  reference  area  (shaded)  to  harvest  areas  within  the 
United  States  and  Canada. 
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Fig.  32.  Percent  distribution  of  the  mallard  harvest  among  flyways 
(including  Alaska-Canada  and  the  100th  meridian  division  in 
the  Central  Fly  way)  from  the  NE  United  States  major  reference 
area  (shaded).  AM  =  adult  male,  AF  =  adult  female,  Imm 
=  immature,  t  =  trace  percentages  (less  than  1.0%). 


Fig.  33.  Percent  distribution  of  the  mallard  harve.st  from  the  NE 
United  States  major  reference  area  (shaded)  to  harvest  areas 
within  the  United  States  and  Canada. 
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more  of  the  total  mallard  harvest  (see  Table  23):  (1)  a  map 
showing  percent  derivation  of  harvest  from  each  of  the  ref¬ 
erence  areas,  and  (2)  an  adjoining  map  showing  harvest 
derivation  similarity  indices  (see  Methods)  between  the 
harvest  area  and  other  areas.  The  New  England  States  have 
been  combined  on  the  similarity  maps.  Instead  of  discuss¬ 
ing  harvest  derivation  for  every  area,  we  will  limit  our  dis¬ 
cussion  to  selected,  representative  areas. 

Alberta.  —  The  N  Alberta-N  Northwest  Territories  and 
SW  Alberta  reference  areas  accounted  for  78.7  %  of  the  har¬ 
vest  in  Alberta  (Fig.  D-3).  Alberta  is  similar  in  harvest  deri¬ 
vation  to  States  in  both  the  Pacific  and  Central  flyways, 
which  is  indicated  by  similarity  indices  equal  to  or  greater 
than  50  (shaded)  in  Washington,  Idaho,  Eastern  Montana, 
Eastern  Wyoming,  and  the  western  portions  of  South 
Dakota,  Nebraska,  Kansas,  and  Texas  (Fig.  D-4). 


Saskatchewan.  —  More  than  75  %  of  the  mallard  harvest 
in  this  area  is  derived  from  within  the  Province.  With  the 
exception  of  Minnesota,  adjoining  States  on  the  Central- 
Mississippi  Flyway  boundary  were  most  similar  to  Sas¬ 
katchewan  in  harvest  derivation  (Fig.  D-6). 

Manitoba.  —  Locally  derived  birds  from  SW  Manitoba 
comprised  40  %  of  the  total  mallard  harvest.  Mississippi  Fly¬ 
way  States  were  most  prominent  in  sharing  common  sources 
of  harvest  with  Manitoba  (Fig.  D-8). 

Ontario.  —  States  in  the  Atlantic  Fly  way,  particularly 
from  Pennsylvania  south  to  North  Carolina,  were  associated 
with  Ontario  in  harvest  derivation  (Fig.  D-10). 

Washington  and  Oregon. —The  three  westernmost 
breeding  reference  areas  in  Canada  accounted  for  79%  of 
the  harvest  in  Washington  (Fig.  D-II)  and  63  %  of  the  har¬ 
vest  in  Oregon  (Fig.  D-I3).  Most  of  the  remainder  of  the 
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harvest  came  from  the  reference  area  comprised  of  these 
two  States. 

California. -This  harvest  area,  which  totally  encom¬ 
passes  its  main  source  of  harvest  (57.7  %  from  N  California 
in  Fig.  D-15),  appears  to  be  isolated  from  the  rest  of  the 
Pacific  Flyway.  However,  the  apparent  isolation  or  lack 
of  similarity  with  other  areas  in  harvest  derivation 
(Fig.  D-16)  is  influenced  by  California’s  coastal  location. 

Western  Montana.  —  This  area  derives  most  of  its  har¬ 
vest  (57.5%)  from  the  Intermountain  area  (Fig.  D-17),  of 
which  Western  Montana  is  a  part.  High  similarity  indices 
(Fig.  D-18)  with  other  States  in  the  same  reference  area 
are  to  be  expected. 

Idaho.  —  SW  Alberta  and  the  Intermountain  area  were 
the  most  important  sources  of  harvest  in  Idaho  (33.8  and 
32.3%  respectively.  Fig.  D-19).  Idaho  is  most  similar  in 
harvest  derivation  to  areas  from  Alberta  to  Arizona,  and 
Eastern  Montana  and  Eastern  Wyoming  (Fig.  D-20).  The 
extremely  low  similarity  index  (13)  between  Idaho  and 
Western  Wyoming  is  believed  to  be  a  result  of  too  few  re¬ 
coveries  in  the  latter,  geographically  small,  harvest  area. 
For  example,  a  single  recovery  from  N  Saskatchewan- 
W  Manitoba-W  Ontario  accounted  for  87.5%  of  the  mal¬ 
lard  harvest  estimated  for  Western  Vv^yoming. 

Eastern  Colorado.  —  The  intensity  of  banding  in  the  San 
Luis  Valley  of  south-central  Colorado  overemphasized 
importance  of  the  High  Plains  as  a  source  of  harvest  for 
Eastern  Colorado  (81.9%  in  Fig.  D-27),  and  underempha¬ 
sized  similarity  in  harvest  derivation  with  other  High  Plains 
and  Low  Plains  areas.  Other  areas  similar  in  harvest  deri¬ 
vation  were  Western  Colorado  and  New  Mexico  (Fig.  D-28). 
In  their  analysis  of  Valley-banded  mallards,  Hopper  et  al. 
(1975)  showed  that  less  than  10%  of  the  direct  recoveries 
and  less  than  20  %  of  the  indirect  recoveries  occurred  out¬ 
side  of  Colorado  and  New  Mexico. 

Western  North  Dakota,  Eastern  North  Dakota,  and  East¬ 
ern  South  Dakota.  —  These  harvest  areas  are  discussed  as 
a  group  because  they  shared  common  derivation  charac¬ 
teristics.  The  three  most  important  source  areas  were  (1) 
Missouri  River  Basin,  37. 1  % ,  30.4  % ,  and  27.0  %  ,  respec¬ 
tively,  for  each  harvest  area;  (2)  SW  Saskatchewan,  22.2% , 
18.6%,  and  22.3%;  and  (3)  N  Alb erta-N Northwest  Ter¬ 
ritories,  16.1%,  11.3%,  and  13.1%  (Figs.  D-29,  D-33,  and 
D-35).  Their  sources  of  mallard  harvest  (similarity  in¬ 
dices  >  50)  were  also  similar  to  Saskatchewan,  the  eastern 
tier  States  (generally  both  High  and  Low  Plains  portions) 
in  the  Central  Flyway,  and  most  of  the  Mississippi  Flyway 
(Figs.  D-30,  D-34,  and  D-36). 

Eastern  Nebraska,  Eastern  Kansas,  Eastern  Oklahoma, 
and  Eastern  Texas.  —  These  harvest  areas,  all  of  which  are 
within  the  Low  Plains,  derive  29-38%  of  their  mallard  har¬ 
vest  from  SW  Saskatchewan,  16-18%  from  SE  Saskatche¬ 
wan,  and  13-15%  horn  N  Alberta-N  Northwest  Territories 
(Figs.  D-37,  D-39,  D-41,  and  D-43).  Other  areas  with 
similar  patterns  of  harvest  derivation  included  Saskatche¬ 
wan,  Eastern  Montana,  the  remaining  eastern  tier  States 


(both  High  and  Low  Plains  portions)  of  the  Central  Fly¬ 
way,  and  most  Mississippi  Flyway  States  except  for  the 
northern  tier  (Figs.  D-38,  D-40,  D-42,  and  D-44).  This  por¬ 
tion  of  the  Low  Plains  is  equally  similar  in  harvest  deriva¬ 
tion  to  the  western  tier  of  Mississippi  Flyway  States  and 
adjoining  (High  Plains)  portions  of  these  States. 

Minnesota,  Wisconsin,  and  Michigan.  —  These  harvest 
areas  are  discussed  together  because  (1)  they  receive  less 
than  about  15%  (Figs.  D-41,  D-43,  and  D-45)  of  their  total 
mallard  harvest  from  the  four  southern  Canadian  reference 
areas  (SW  Alberta,  SW  and  SE  Saskatchewan,  and  SW 
Manitoba)  and  (2)  each  derives  about  20%  or  more  of  its 
harvest  from  N  Saskatchewan-N  Manitoba-W  Ontario. 
Similarity  indices  (Figs.  D-46,  D-48,  and  D-50)  are  also 
comparable  and  include  a  number  of  harvest  areas  in  the 
Atlantic  Fly  way.  The  main  source  of  mallards,  however, 
is  different  for  Minnesota  (48.5%  from  the  Missouri  River 
Basin)  compared  to  Wisconsin  and  Michigan  (55.1  %  and 
46.1%  from  the  Great  Lakes). 

Iowa  and  Illinois.  —  Both  of  these  areas  derive  almost 
40%  (Figs.  D-51  and  D-53)  of  their  harvest  from  the  four 
southern  Canadian  reference  areas  and  about  25%  from 
the  Missouri  River  Basin  and  Great  Lakes  areas  combined. 
N  Saskatchewan-N  Manitoba-W  Ontario  is  also  an  impor¬ 
tant  source  of  mallards  and  accounts  for  another  20%  of 
the  total  mallard  harvest  in  these  areas.  Their  similarity 
in  harvest  derivation  is  further  reflected  by  similarity  indices 
(Figs.  D-52  and  D-54).  Both  areas  have  high  indices  with 
Saskatchewan  and  Manitoba,  the  Dakotas  south  to  Texas, 
and  States  east  to  Georgia. 

Missouri,  Arkansas,  Louisiana,  and  Mississippi.  —  There 
are  similarities  and  differences  in  harvest  derivation  for 
these  areas,  although  the  differences  are  mostly  gradual 
changes  in  derivation.  All  rely  on  the  four  southern  Cana¬ 
dian  reference  areas  for  50-61  %  (Figs.  D-55,  D-59,  D-61, 
and  D-63)  of  their  total  mallard  harvest,  22-32%  from 
N  Alberta-N  Northwest  Territories  and  N  Saskatchewan- 
N Manitoba-W  Ontario  combined,  and  11-13%  from  the 
Missouri  River  Basin.  Indices  (Figs.  D-56,  D-60,  D-62,  and 
D-64)  also  suggest  similarity  in  harvest  derivation  to  Sas¬ 
katchewan  and  Manitoba,  eastern  tier  States  (both  High 
and  Low  Plains  portions)  of  the  Central  Flyway,  and  most 
Mississippi  Fly  way  States  except  the  northern  tier. 

New  York  and  Pennsylvania.  —  The  importance  of  E  On- 
tario-W  Quebec  to  the  total  mallard  harvest  in  these  areas 
is  about  37%  (Figs.  D-65  and  D-67).  N  Saskatchewan- 
N  Manitoba-W  Ontario  is  also  an  important  source  of  mal¬ 
lards  for  these  areas.  New  York  derives  more  of  its  mallard 
harvest  (14.2  % )  from  the  NE  United  States  than  does  Penn¬ 
sylvania  (2.8  % ) .  The  Great  Lakes  and  Mid-Atlantic  refer¬ 
ence  areas  also  differ  in  their  importance  as  sources  of  mal¬ 
lards  for  New  York  and  Pennsylvania. 

South  Carolina.  —  This  harvest  area  is  representative  of 
the  southeastern  Atlantic  Flyway  in  terms  of  magnitude  and 
derivation  of  the  mallard  harvest.  The  total  harvest  in  this 
area  is  derived  mainly  from  the  Great  Lakes  (28.9%  in 


Table  20.  Continued. 
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Table  22.  Percent  derivation  of  the  immature  mallard  harvest  in  harvest  areas  within  the  United  States  and 
Canada  from  major  reference  areas  (1961-75  hunting  seasons  combined). ^ 


42 


“D  in 

Ql  Ql 

UJ  -M  nJD 
Z  •<-  rc  •»“ 
C 

ZD  lO 

I  I 

"D  -M  LTi 

C 

-p  in 
nj  G) 

a 

fU  >r- 

o  _J 

L 

D  L  C 
O  OJ  •- 
m  >  in  KD 

in  (T)  — 
an  cQ 

in 

JZ  c 
cr--  rj 


G)  c 

c  E  ' 


Dc: 

o 

t 

<: 

3 

I-  UJ 

z  :o 
o  cr  eo 

UJ3 

Z  I— 

m  c  z 

<t  o 


3 


Lu  cn  m 
(/)  <: 


3  in  vT 


o 
:  < 


01  rxi 

>  01 


0)  ro 

X 


01 

M-  > 

o  o 


’^l0c000OC^(^]^£)OOOC0lr)—  ^0OK>^0'£)■^'-O^0^«.C^J(M(SI’-^0<7'K)'-Cr'(M^•“ln^£>Ln^0(M0^ 

OLnooo<riAoocDOsS-(SJf\i'-or0ooooooo»-o^ooomooooo»“>0r0»~c\J(\l 

00O00000OOOC3C3OC3000000000O00O000000CD0O00C30C3 

ooooooooooooooocsoooooooooooooooooooooooooo 

0000000OOO0O00000O0CDC3OC3CDC300O000C300000OC3000 

OOC3C3C3C3\r00'-O»~OOC3C3C3C3OC5OOC3OOC3OOC3OC3C3C3CDOC3OOOO*“OO 

OOCDOOO'-*r0N0Or0OC5OOOOOOC5OOOOOOOOOOOOOOOCDOOOOOO 

OOC3OOOC0CDLnC3OC5C3OOOOOOC3OOOOOOOOOOOOOOOOOOCD>^'O^- 

OOCSCSCDOOOO'CDCaOCSOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooo^r>'^oooooooc^c^c^c^oc^ao'^e0^n<^Joo'»**c^o(Mo^i^oro^o^DO'Olrl 

OOCOCDOOsJ-OOOCaCDOCDOOOOOOOOOOOOOOOOOOOOOOOr^CT'CvJr^eO 

O  \0 

oc300'^0'iriocDooooooooc3roK)c3CDCMOC3(\jro*“*“'«J'Oo«crofOrOvor^>>o(Njirio 

c^c^c^oo^d-'-ooc^ooooooc^c?c^'-c5c^CMs^-^^-C^]oO'3-’^ooo^DO©0'-^XJ'J•eO'^■^0^^ 

ro  csi  o  ro 

oooorO'^c3C3C3C3C3C3»-*NO\DO'^0'-oeoiriomLn'<3-r^roror^ocM>DooCT'r^'»-c3o<\J^ 

OOOOOC3OOC3OOC3OC5OOC3C3r0C3rsjr0C3f0C3'(a-'~r^OCSjirir^>J-a'Ni-irir0C3OOOO 

1^0-1000  -r-cr-  eO'd" 


C30C3  —  OOCDOOOOOOO’ 


CT'ors.c3r^rooo^^oor^c3©0'.0'^oocMi\Jir»0'> 


CDOO<r>CDOOOC3OC3C5rjvi300C3rvl00'-(NJ00O*-OOOO<^'^OOOC3^-OOOOO<Z>OO 
ro  iTi  C3  eO  CM 

OC3C3C3C3C3C3O00C3*-OC3C5C3r^CM0O00000C5C30000O0000C:>0C3O00 

CDOC^C^C^C^OOC^C^OC^^^iC^C^C^CT'C^OOOOOOOC^OOOOOOOOOOC^C^C^C^OC^ 

in 

omc^CDC^C^C^C^C^OOC7^O■^OOln^3•C^OOC^OC^C^CZ>O©0C^C^C^C^OOOOOOOOOO 

O'-C3OC3OOC3C3OOCT'e0'^OOr0'-OOOOOC3C3OC3C3C3OC3C3OOOOOOOOC3O 
*-  fO 

OOOOOOeO'^LTiCSCr'OOOOOOOOOOOOO’^OOOOOOOOCDOOOOocrCMOLri 

OOOOOOsOsDsTCaNOOCSOOOOOOOCSOOOOOOOOOOOOOOOOCSO  —  oo 

so  cr-  <z>  00  ^ 

ooc^c^r^a^^^oooooo^^-ooooooooocT'CM<rooor000C5C^o^^of^r0r0r0^^^ 

oooo<r’-  roooooooooc3ooooooor^oOfOinoc3'-ooino<y'0’”  cmoosjdiO'J- 
ro  (M  —  *-  CM CM  CM 

OOOC3  —  0^CMOOC5C3OC3»~OOOOOOC3OOv£>OOr^Or0r^OOOO*“O<J-Ln^^CT'0''d' 
OOOO'~OC3OOOC3OC3OOOOOC3OC3C3Ov^r^O«d-O*“r0OOLriOr0Or0CM'»“O<rr^ 

m 

C3OC3C3(Ms0>i-OOC3OC3OC3OC3OC3OOOOC3a^mr^r0C3'-C3<0r0’~C3»-Or0OLnr0e0O 

CDOOOvDOC3C3C3OC3OOOOC3OC3OC3C3C3C3C3r0rvCMC=>vDOC3msiDO»-CD0JC3C3r0inO 

ro 

ocMc^r^f\JC7'^DOc^c^c^r^cM^os;^c^^£5^J^r^^£>»-o^DlnoOlnln(Moo^^•“C^CMClO'c^cy'mc^«ror^^7'^o 

OOOrO—  C3C3C=>OOC3IO'^'^»~OtMCMCMeOsDC3s3-CM'^CMO'vOOOC3»-CMLnC7^»“CDLnC3CDO':r*“ 
<^iri  —  —  .—  sj-Cd.-ros^'CMrorocMro  -»-CM 

casoooocMoocsooomv^'rooororjooocMor^'d-ooocy'r^Lnmorooeo^r^ooooo 

OOC3C7'CDOOOOC3C3v3-CMr^00C3O00inr^fOOsDCMOC3O»-moor0M>OCr'CMr^OOO»-O 

vj-  '»~<M<r  <r»-^CM  cm 

ocT'oro  —  i~^oc3ooc3cy'sDcocMooo>nsDoc3m’“*“'^rvincT^CMrorooc\JovroO'OO^oooiriM" 


c3roomsDOC3C3C3C30'»-eOrO'' 

o  ro  CM  " 


oino^ooosD«d-(Mv3‘cor>CT'».D':r»“'^oo»“  a^eoc3CDor>.< 

•«-  rOCM  CM  ' 


OCr'0»—  OOC3OC3OO»“s0OCiC5sJ'C3C3C3C3OC3OC3OOOOOOC5OOOC3C3C5OOOO 

Or0C3'»“OCSOOOOO0^OC7^C5OL0C3OOOOOOOC3OOOC3OOOC5OOOOOOOO 
O  CT'  ro  CM  »- 

3  UJ 

33  X3  3UJ3UJ3UJUJI  i  LU  3  UJ  LU  UJ  3  UJ  ox< 
r— r-iDZh-LiJcQr-rin  tl  <1  llllllICQCQlllflll  t003-J 

is-i  U  3  — I  <1:  c  z  X  LU  <t  Cii  Q  I— >- 0  h- o  N  SI  I- Q  CZJ  Q  Q  >- UJ  LU  o  m  m  3  X  X  Z  r-H  »-H  o  — » 
<ccaz<I^n£:ocyzxz3ol-^z:3ozxo<z^;zztntn3zzlDs^^i^^zo^-^-s;3£:^-•^-| 


Table  22.  Continued. 


43 


cn 

c 

•O 

c 


01 

U 

c 

01 

0) 

4- 

(V 


s: 


*D  in 
0)  01 

LJ  4^  4J  sO 
Z  0)  »- 
C 

ID  cO 


'o  -p  in 
.-  <  — 
e: 

4-»  in 
0)  0) 

0)  sa- 

t. 

—  o  .>J 

D  U  C 
O  0)  -- 

in  >  in  ro 
in fu 
aim 

in 

x:  c 
cr-^  c\j 

^  r-t 

O- 

1_ 

0)  c 

4j  — 

C  E  — 


I  C7' 

3 


z  rj 
O  O'  oo 


Z  h- 

to  •<  z 
<  ^  o 


JE:  nd 
3 


Lu  co  in 

CO  c 


3  to  ^ 

CO  c 


o 

:  <  »- 


m 

QJ  01 
>  Cl  ^ 

L.  L. 

ro  0) 

X 


(SjrOK)fOoocr'CNK)C\Jo^oooooOCSJO'-'-'»-(SJ»-f0^oo 

OOCSJOsJ'OrO'^OOOOOOOOOOOOOOOOOOO 


000C300C30C3CDC300C30O0OOC30000000 


C3inoC\JO<MOOin'»£>O‘^OOO<NiOinoCSj'Ct-N£>e0’”CNJ'»“'>tf' 

c30oc30ooooro»~^a^sooCT^c\JfO>>i-<7'coroincM*»“(N)o 

eo  'O  r- Ni- o ^ 

r^CT'or^oeoo»“inocNjc3oeooorocNJC\J>i“'^  cy'ror^CT'vOso 
'>-t^oooooo*“0'-'oolno^oo^^'^ooeo^^o^'^^-'-^^-o 

Ni-  ro  (Si  CM  'r- 

c3rOin'J‘COC3'“COinc3s£)OC3C3o(MvDr^r^NnocOoO'^r^ocM 


CO  CT'  'tr  00  ' 
ro  vj- 


-OOOO'-O(MC0or^’~<Mr0'^  rom 

■•-V3-  ■^(MCM'-CM 


(\jininoc3oO'“CMinoooc3C3ooeocDoc3oONOininLn'^c^ 

rOvd-(MocMCMCT'rOvJ'C3ocDooooLnooc3'^sOs3-'-c3r^CT' 

OO'^OOr^vS-in00OC3OOOC3OOC3OOC3OOO(MO'^ 
00»“0CM0»-**-'“  OOOOOOOOOOOOOOOincasO 

000000»“0c:>000c30c300000000000s0 

00000CD000000000000C30000000CS1 

CD00000000000000000000CDC3C30CD'“ 

ooooooooooooooooooooooooooCsl 

C3C3C30000000C3C3C3C30C3C3C30C3C300000'^ 

0000000000C30000000000C3C30CDC3CM 

rO'— ■*-  cOln*”'d■o^<d-CMC^osDc^^ooOsD■^cOr^or^CMr^^^ro 

oino^oooc3CMinsDsjooO'^r^c3ro\i'«T‘<t'0>^(\jLisr^cr‘Oin 

CM  CM  ro  CM  ro  sd- <d- m  m  o  ro  m  CM  ro 

<roinc3(y'00r^inN:fc3C3ooooavcT'OC3oc3ooCT'r>.oc0 

>CMinoooc5rOo(MCT'00 


>i)or--CM<=>CM\D(M'* 


ocaocDoooocsoocaoooor^vd' 


■^o^o^o^olnr^eocDc^ooooooc^oc^otncMroc^cM^d■ 

CM 


OC3CMCT'r^N^''vt‘rOCDC3C3CDC 


3000ooo<fc3inoooeO 


OOin00C0O00OOOOOOO<=»C3OOOOOCT'O»-  —  or^ 

^  ^  ^  ^  CM  ro 


OOvDCM'^inCT'vjD'^OOOOOOOCaOC 

o  c?  o  o  o  o  c 


in'*-  f'^CMOf'^rOOOOt 
CM  *-  ro  CM  ro  ro 


'C3OOOOOr0C300 

,oooc^c^^d-oOc^^J■ 


ocaino*-  O00OsDOOC3OOOOOO<=>C3OC3C3C=>OO(M 
OCD*-ONd-CD00in00CiC3C3OC3CDOC3OOCDOCDOOOO<T« 


OCSoOMD'd'*-  Nr>r0CDOC5OCDOOOC=>C3OOOC3OC3C3C3'>- 
OOin'J-CT'sd-CMOOOOOOOOOOOOCDOOOOCDO*- 


OOOOOOOOOOOOOOCJOOOOOOOOOOOsd- 

OOOOOC5C3OOOOC5OOCDOOC3OOOC3OOOO00 


O  Z  to  CO  to 

O  I-I  Mi  Z  CO  <  X  to  hH>- 

Z  X  O  >- Cli  UJ  <  i-t  — )  UJ  »—  <  t—  <  LU  Q  <C  <£  , 

iii<cj:>zjiockizx3ZQji>ziooL 


>  -5  _J  O  O 

LU  Q  <C 


> 

JQ 

"O  c 
c  0)  3 
nj  X  o 
JQ  -M  X 
in 

l_  o 
o  -p  in 
4-  •- 

CD 

■D  01 -M 
01  u  in 
4J  nj  01 
in  > 

Q  01  L. 

■— 1  o  m 
■O  cx 
m  01 

U  01 
X  01  u 
04-  D 
CD  01  4J 
01  L.  fC 
E 

01  U  E 
u  o  •- 
01  — I 

2  m  0) 
EX 

4J  4J 
ra  X 
X  o  o 
-M  ru  -H 
01 

in  nj 
01  4-  01 
o  u 
u  at 
01  c 

>  o  -u 
o  •-  in 
O  4J  01 
01  Q  > 

U  X  u 

m 

01  U  X 
— f  -p 

nj  c  X 
E  o  o 
01  U  0) 

4-  01 

01 

-a  >  4- 
c  —  o 

in  01 
01  -H  U 

^  0)  c 
m  u  01 

E  4-’ 

01  u 
01  X  o 
i-»-  a 
Q  E 

0!  • 

E  Xl  01 
E  01  X 
-p 
X 

-U  CTT) 
U--  c 
01  01  rg 

I-  3 

I  ^ 

T)  C  t 
O  — j 
C  —  -i 

o  <x. 
m  t 

01  D  > 

in  ax 
01  o 
X  a  c 
3 

in  c  o 

0)  GJ  X 

3  X  in 
-P 

c  in 

O  "O 

•»-  c 

f^l  -p 

01  in 

>  0)  01 
-p  > 

U  01  u 
01  U  01 
X  X 
cr 

X  c  01 
in  u 

0)  Q  • 
>  4  4-'  r 

u  o  oj  a 
mass 

X  01  EW 

CD  U  -  C 


Table  23.  Percent  derivation  of  the  total  mallard  harvest  in  harvest  areas  within  the  United  States  and  Canada 
from  major  reference  areas  (1961~75  hunting  seasons  combined).® 
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Fig.  D-69),  E  Ontario-W  Quebec  (24.4%),  the  Missouri 
River  Basin  (12.7%),  and  N  Saskatchewan-N  Manitoba- 
W  Ontario  (10.6%).  This  area  is  similar  (Fig.  D-70)  to  most 
Mississippi  Fiyway  States  except  the  western  tier  (Minne¬ 
sota  to  Louisiana),  and  to  most  areas  in  the  Atlantic  Fly¬ 
way  other  than  New  York  and  New  England. 

Within-season  Derivation  of  the  Mallard  Harvest 

Weekly  derivation  of  the  total  mallard  harvest  by  har¬ 
vest  area  is  shown  in  Table  E-2  for  weeks  that  contributed 
1%  or  more  of  the  area’s  harvest.  Corresponding  dates  of 
weekly  periods,  which  begin  on  1  September,  are  shown 
in  the  introduction  to  Appendix  E.  These  data  are  presented 
primarily  as  reference  material.  They  should  be  interpreted 
cautiously,  because  varying  intensities  (including  lack)  of 
banding  in  particular  breeding  reference  areas,  years,  and 
varying  season  lengths  could  indicate  a  temporal  change 
in  harvest  derivation  that  is  unjustified.  This  caution  is  espe¬ 
cially  appropriate  with  respect  to  the  N  Pacific,  N  Al- 
berta-N  Northwest  Territories,  and  N  Saskatchewan- 
N  Manitoba-W  Ontario  reference  areas  where  banded 
samples  have  been  small  and  variable  during  the  1961-75 
period.  The  column  labelled  “Imp”  shows  percent  distri¬ 
bution  of  harvest  among  weekly  periods  for  the  harvest 
area.  Values  in  this  column  are  affected  by  varying  numbers 
of  season-days  among  time  periods  over  years.  They  indi¬ 
cate  time  periods  during  which  hunting  seasons  were  most 
often  open  and  relative  importance  of  the  harvest  among 
time  periods.  In  the  following  discussion  we  identify 
apparent  temporal  changes  in  harvest  derivation  of  mal¬ 
lards  in  selected  areas. 

Washington.  —  Weeks  6  (6-12  October)  to  21  (19-25  Jan¬ 
uary)  were  represented  by  1  %  or  more  of  the  harvest.  Per¬ 
cent  distribution  of  the  harvest  ranged  from  1.8%  (Week  6) 
to  9.3%  (Week  7).  This  suggests  that  Week  6  was  a  period 
of  small  harvest  and  also  that  the  seasons  frequently  began 
early  in  Week  7  (13-19  October),  because  large  harvest 
values  are  associated  with  opening  days.  Regulation  rec¬ 
ords  show  that  the  season  opened  late  in  Week  6  (earliest 
date  10  October)  in  7  of  the  15  years  and  in  the  early  or 
middle  part  of  Week  7  in  8  of  the  15  years  (see  Table  A-2 
in  Martin  and  Carney  1977).  Mallards  from  Washington- 
Oregon  contributed  more  than  one-fourth  but  less  than  one- 
half  of  the  harvest  for  Weeks  6  through  8  (6-26  October). 
For  Weeks  10  (3-9  November)  through  21  (19-25  January) 
more  than  four-fifths  of  the  harvest  was  derived  from  Cana¬ 
dian  reference  areas. 

Oregon.  —  For  Weeks  6  through  9  (6  October-2  Novem¬ 
ber)  locally  derived  mallards  {Washington-Oregon  and 
N  California)  comprised  a  minimum  of  three- fourths  of  the 
harvest.  For  Weeks  11  (10-16  November)  through  21 
(19-25  January)  the  maximum  contribution  from  these 
local  areas  was  less  than  one- third  of  the  harvest,  and  deri¬ 
vation  from  Canada  clearly  surpassed  local  derivation. 


Idaho  and  Western  Montana.  —  In  both  of  these  harvest 
areas  derivation  shifted  from  local  to  Canadian  mallards 
at  about  the  same  time.  During  Weeks  6  through  10 
(6  October-9  November)  the  average  percent  contribution 
from  the  Intermountain  area  to  Idaho  was  49  % .  For  sub¬ 
sequent  weeks  (11-21)  this  average  dropped  to  27  % .  Com¬ 
parable  average  percentages  for  Western  Montana  were 
76%  for  the  early  (5-10)  and  38%  for  the  late  (11-19) 
weeks. 

California.  —  Particularly  in  the  early  weeks  but  through¬ 
out  all  weeks,  locally  derived  mallards  from  N  California 
and  Washington-Oregon  were  most  important  in  Cali¬ 
fornia’s  harvest.  Their  contribution  to  the  harvest  in  Cali¬ 
fornia  dropped  below  50%  in  only  one  period  (19). 

Nevada  and  Utah,  —  The  local  Intermountain  area 
appeared  to  be  an  important  source  of  harvest  for  all  weeks, 
although  data  for  these  States  were  somewhat  erratic  due 
to  small  numbers  of  recoveries.  A  shift  toward  more  Cana¬ 
dian  mallards  after  Week  7  (13-19  October)  was  indicated. 

Eastern  Montana.  —  Locally  derived  (High  Plains)  mal¬ 
lards  comprised  more  than  one-half  of  the  harvest  for 
Weeks  5  through  8  (29  September-26  October),  but  less 
than  one-third  during  the  remaining  weeks. 

Eastern  Colorado. —Consistent  opening  season  dates 
were  indicated  by  the  high  importance  (31.4%)  of  Week  5 
(29  September-5  October).  Local  derivation  comprised 
more  than  95%  of  the  harvest  in  Weeks  5  through  7 
(29  September-19  October)  and  more  than  50%  of  the  har¬ 
vest  through  Week  18  (29  December-4  January). 

Eastern  Dakotas.  —  In  these  areas,  a  moderate  derivation 
shift  was  suggested  from  Weeks  8  to  9  (20  October-2  No¬ 
vember),  when  locally  derived  {Missouri  River  Basin)  mal¬ 
lards  decreased  in  importance. 

Nebraska,  Kansas,  Oklahoma,  and  Texas.  —  Both  High 
and  Low  Plains  portions  of  these  States  appeared  to  be  con¬ 
sistent  in  source  of  harvest  throughout  the  season.  Percent¬ 
age  changes,  which  are  believed  to  have  resulted  mainly 
from  sampling  variation,  did  not  form  a  pattern.  Relative 
consistency  in  harvest  derivation  appears  to  be  affected  by 
later  opening  season  dates,  by  which  time  mallards  from 
more  areas  are  available. 

Minnesota,  Wisconsin,  and  Michigan. —These  States 
appeared  to  harvest  mainly  locally  derived  birds  for  the  first 
few  weeks  of  their  seasons.  Missouri  River  Basin  and  Great 
Lakes  mallards  averaged  over  60%  of  the  harvest  for 
Weeks  5  (29  September-5  October)  through  9  (27  Octo¬ 
ber-2  November)  and  less  than  50%  thereafter.  Apparently, 
birds  from  more  northern  breeding  areas  are  still  north  of 
these  States  when  their  hunting  seasons  open. 

/ou;a. —Temporal  derivation  was  clearly  different 
although  the  contributions  of  SW  Saskatchewan  (20.5% 
in  Table  23)  and  the  Missouri  River  Basin  (20.6%)  to  the 
total  Iowa  mallard  harvest  were  the  same.  The  Missouri 
River  Basin  was  the  source  of  about  60%  of  Iowa’s  mal¬ 
lard  harvest  during  Weeks  5  and  6  (29  September- 12  Octo¬ 
ber),  a  period  during  which  birds  from  SW  Saskatchewan 
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were  apparently  unavailable.  This  relationship,  however, 
is  complicated  by  the  different  hunting  seasons  (dates)  that 
were  selected  in  Iowa  over  the  15  years.  Since  all  years  were 
combined,  it  is  impossible  to  demonstrate  with  certainty 
that  early  opening  dates  in  Iowa  impact  Missouri  River 
Basin  mallards  to  a  much  greater  extent  than  birds  from 
other  areas.  The  relatively  low  level  of  harvest  during  the 
early  weeks  must  also  be  considered. 

Illinois.  —  Derivation  of  the  total  mallard  harvest  in  Illi¬ 
nois  was  very  similar  to  that  of  Iowa  from  a  season-long 
perspective.  However,  Illinois  tended  to  select  opening  sea¬ 
son  dates  that  were  2-3  weeks  later,  which  favored  rela¬ 
tive  consistency  in  weekly  harvest  derivation.  We  interpret 
this  as  an  indication  that  by  Week  8  (20-26  October),  mal¬ 
lards  from  many  source  areas  were  available  to  Illinois 
hunters. 

Missouri,  Arkansas,  Louisiana,  and  Mississippi.  —  These 
harvest  areas  demonstrate  remarkable  consistency  in  weekly 
harvest  derivation  from  major  reference  areas.  Variations 
in  percentages  by  time  period,  as  in  the  southern  Central 
Flyway,  appeared  to  be  rather  small  and  more  random  than 
patterned. 

Atlantic  Flyway.  —  Recovery  samples  in  the  New  Eng¬ 
land  States  were  too  small  to  demonstrate  temporal  changes 
in  derivation  even  if  such  changes  occurred.  The  larger 
samples  available  for  New  York,  Pennsylvania,  and  South 
Carolina  suggested  consistency  in  seasonal  derivation. 

Harvest  Derivation  Implications 

The  principal  purpose  of  this  work  has  been  to  consoli¬ 
date  information  on  breeding-harvest  area  relationships. 
This  information,  pertaining  only  to  mallards,  may  be  of 
value  in  assessing  fly  way  boundaries  or  proposed  manage¬ 
ment  units.  However,  other  factors  such  as  estimates  of 
waterfowl  harvest  (see  Martin  and  Carney  1977),  recruit¬ 
ment  and  population  size  (see  Pospahala  et  al.  1974),  and 
survival  and  harvest  rates  (see  Anderson  1975)  must  also 
be  considered  in  a  thorough  assessment,  which  is  beyond 
the  scope  of  this  study.  Given  these  limitations,  analyses 
of  geographic  and  temporal  derivation  of  the  mallard  har¬ 
vest  suggest  a  few  management  implications. 

Although  mallards  and  other  waterfowl  may  migrate 
within  corridors  that  are  much  narrower  than  flyways, 
these  lanes  of  travel  are  shared  by  birds  from  a  number  of 
source  areas.  Bellrose  and  Crompton  (1970:227),  in  their 
analysis  of  recovery  distributions  of  mallards  banded  dur¬ 
ing  the  hunting  season,  stated  that  “.  .  .  ducks  migrate 
along  definable  areas  of  geography,  which  we  have  referred 
to  as  ‘migration  corridors'  .  .  .  They  further  suggest  that, 
with  more  information,  hunting  regulations  might  be  based 
upon  migration  corridors  rather  than  flyways.  Our  results 
do  not  support  the  concept  of  management  by  migration 
corridors,  assuming  that  identification  of  discrete  source- 
harvest  area  populations  is  inherent  in  the  concept.  Simply 
stated,  there  are  very  few  discrete  source- harvest  area 


relationships.  Adjacent  harvest  areas  in  different  flyways 
(e.g.,  Arkansas  and  Eastern  Oklahoma)  derive  more  than 
80  %  of  their  total  mallard  harvest  from  the  same  reference 
areas.  Many  geographically  separated  harvest  areas,  regard¬ 
less  of  flyway  boundaries,  derive  more  than  50%  of  their 
mallard  harvest  from  the  same  source  areas.  Other  examples 
further  confirm  that  patterns  of  mallard  movement  from 
breeding  to  wintering  areas  are  generally  fan-shaped  and 
overlapping. 

Of  the  major  flyway  boundaries  in  the  United  States,  only 
that  between  the  Pacific  and  Central  flyways  appears  rea¬ 
sonably  intact.  The  remaining  boundaries  are  transgressed 
by  the  dominant  northwest-southeast  movement  of  mal¬ 
lards  from  the  important  breeding  areas  in  southern  Canada 
and  the  northern  United  States.  For  example,  mallards  pre¬ 
season-banded  in  Southern  Saskatchewan  have  been  re¬ 
covered  in  all  harvest  areas  of  both  High  and  Low  Plains 
portions  of  the  Central  Flyway,  all  States  in  the  Mississippi 
Flyway,  and  many  southeastern  States  in  the  Atlantic  Fly¬ 
way. 

Fly  way  boundaries  are  indistinct  to  mallards;  therefore, 
it  was  not  surprising  to  find  general  similarity  in  harvest 
derivation  within  and  between  High  and  Low  Plains  por¬ 
tions  of  the  Central  Flyway,  and  also  the  Low  Plains  and 
western  tier  States  in  the  Mississippi  Fly  way.  The  High 
Plains  Mallard  Management  Unit  was  justified  on  the  basis 
of  many  factors  (Funk  et  al.  1971),  including  recovery  dis¬ 
tributions  from  winter  bandings,  mortality  and  survival  rate 
estimates,  and  relatively  light  hunting  pressure.  The  High 
Plains  reference  area  is  the  most  important  source  of  mal¬ 
lards  for  Eastern  Colorado,  Eastern  New  Mexico,  and  West¬ 
ern  Oklahoma  (Table  23).  Although  all  remaining  areas  in 
the  High  Plains  Unit  derive  much  of  their  mallard  harvest 
from  the  High  Plains  reference  area,  Canadian  sources  in 
combination  are  more  important  to  their  total  harvest. 

The  Low  Plains  Unit  was  proposed  mainly  on  the  basis 
of  survival  rates  and  geographic  and  temporal  distribution 
of  recoveries  from  winter-banded  mallards  in  the  High 
Plains,  Low  Plains,  and  western  tier  States  of  the  Missis¬ 
sippi  Flyway  (Hyland  and  Gabig  1980).  Our  results  are  in 
general  agreement  with  those  of  Hyland  and  Gabig  con¬ 
cerning  mallards  banded  in  the  High  Plains  Unit.  Few  pre¬ 
season-  or  winter-banded  mallards  from  the  High  Plains 
are  harvested  in  the  Low  Plains.  However,  both  High  and 
Low  Plains  portions  of  the  Gentral  Fl>way  other  than  North 
Dakota  are  very  similar  in  combined  harvest  derivation 
from  major  reference  areas  in  Canada.  There  is  a  gradual 
shift  in  importance  of  SW  Alberta  and  SW  Saskatchewan 
to  the  High  Plains,  and  of  SW  Saskatchewan  and  SE  Sas¬ 
katchewan  to  the  Low  Plains. 

Similarity  continues  when  we  compare  harvest  deriva¬ 
tion  in  the  Low  Plains  portion  of  the  Central  Flyway  with 
that  in  the  western  tier  States  of  the  Mississippi  Flyway 
except  Minnesota.  SW  Saskatchewan  and  SE  Saskatchewan 
are  both  important  sources  of  mallards  without  regard  to 
the  flyway  boundary. 
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The  Mid-Continent  Waterfowl  Management  Unit  is 
another  area  under  consideration  (Office  of  Migratory  Bird 
Management,  personal  communication).  Approximated 
here  by  SE  Saskatchewan,  SW  Manitoba,  Missouri  River 
Basin,  and  Great  Lakes  reference  areas,  this  region  has  been 
characterized  by  declining  quality  and  quantity  of  mallard 
breeding  habitat,  recruitment,  and  fall  flights.  Mallards 
from  the  western  portion  of  the  Mid-Continent  Unit,  ac¬ 
cording  to  our  derivation  analyses,  are  important  in  the 
Low  Plains  harvest.  Harvest  areas  in  the  Low  Plains  derive 
from  25  (Eastern  Texas)  to  51  %  (Eastern  North  Dakota) 
of  their  total  mallard  harvest  from  the  Mid-Continent  Unit. 
Other  than  Western  North  Dakota,  all  harvest  areas  in  the 
High  Plains  derive  from  5  (Western  Texas)  to  20%  (Western 
Kansas  and  Western  South  Dakota)  of  their  total  mallard 
harvest  from  the  Mid-Continent  Unit.  The  importance  of 
the  Mid-Continent  Unit  as  a  source  of  harvest  is  more  ap¬ 
parent  during  the  early  portion  of  the  hunting  season  in 
the  northern  portion  of  the  Low  Plains. 

The  Mid-Continent  Unit  is  also  an  important  source  of 
mallards  for  the  Mississippi  Flyway,  but  particularly  for 
the  northern  tier  States.  Like  other  northern  harvest  areas 
within  the  breeding  range,  locally  derived  mallards  are 
usually  the  principal  source  of  harvest.  Although  we  found 
shifts  in  temporal  (within-season)  derivation  of  the  mallard 
harvest  in  northern  areas  of  the  Pacific  and  Central  flyways, 
the  shifts  within  Minnesota,  Wisconsin,  and  Michigan  are 
more  pronounced.  A  delay  of  perhaps  a  week  in  the  open¬ 
ing  of  hunting  seasons  in  these  areas  may  buffer  resident 
populations  with  additional  birds  migrating  in  from  other 
areas,  although  the  level  of  benefit  is  questionable 
(Cowardin  and  Johnson  1979). 

Although  existing  flyway  boundaries  may  not  be  opti¬ 
mally  oriented  for  the  management  of  mallard  populations, 
the  boundaries  encompass  areas  that  are  geographically  and 
appropriately  large  when  the  many  similarities  in  har¬ 
vest  derivation  are  considered.  We  are  consequently  unable 
to  describe  previously  unknown  mallard  subpopulations  in 
geographic  terms.  We  suggest,  therefore,  that  future  breed¬ 
ing-harvest  area  investigations  include  a  greater  emphasis 
on  temporal  or  seasonal  relationships. 

Summary 

This  is  the  seventh  in  a  series  of  reports  on  the  popula¬ 
tion  ecology  of  the  mallard,  the  waterfowl  species  for  which 
we  have  accumulated  the  most  data.  Results  presented 
herein  are  based  on  (1)  preseason  bandings  (1961-75)  in 
major  breeding  ground  reference  areas,  and  subsequent  re¬ 
coveries  of  these  birds  in  the  United  States  and  Canada, 
(2)  May  breeding  ground  surveys,  (3)  waterfowl  harvest 
surveys,  (4)  mallard  band  reporting  rate  adjustments,  and 
(5)  results  of  previous  reports  in  this  series. 

The  major  objectives  of  this  report  were  to  (1)  estimate 
preseason  age  and  sex  structure  of  the  continental  popula¬ 


tion,  (2)  compare  recovery  distributions  from  major  breed¬ 
ing  ground  reference  areas  of  all  age-sex  classes,  (3)  describe 
geographic  distribution  of  the  harvest  among  States  and 
Provinces  from  major  reference  areas,  and  (4)  describe  geo¬ 
graphic  and  seasonal  derivation  of  the  harvest  within  each 
State  and  Province  from  major  reference  areas. 

Age  ratios  in  the  preseason  population  averaged  0.98 
immatures  per  adult  and  ranged  from  0.75  (1968  and  1972) 
to  1.44  (1969).  Percent  males  among  preseason  adults  varied 
from  54%  (1962)  to  63%  (1967  and  1969);  the  sex  ratio 
averaged  1.42  males  per  female.  Among  young  birds,  the 
preseason  sex  ratio  averaged  1.01  males  per  female. 

Direct  recovery  distributions  of  immatures  and  females, 
perhaps  due  to  their  greater  vulnerability  to  shooting  or 
their  longer  association  (greater  availability)  with  breed¬ 
ing  areas  or  both,  were  usually  centered  farther  north  than 
those  of  adult  males.  Direct  recovery  distributions,  which 
included  higher  proportions  of  recoveries  near  banding  sites, 
generally  were  centered  farther  north  than  distributions  of 
indirect  recoveries.  Indirect  recovery  distributions  of  imma¬ 
ture  males  were  affected  by  pair  formation  (during  winter 
or  while  on  spring  migration)  with  females  destined  for  mid¬ 
continent  breeding  areas. 

Analysis  of  recovery  distributions  led  to  the  following 
combinations  of  banding  or  recovery-types  or  both  to  best 
describe  distribution  and  derivation  of  the  mallard  harvest: 
(1)  direct  recoveries  of  adult  males;  (2)  direct  and  indirect 
recoveries  of  adult  females,  and  indirect  recoveries  of  imma¬ 
ture  females;  (3)  direct  recoveries  of  males  and  females  that 
were  banded  as  immatures;  and  (4)  total  mallards  (com¬ 
bined  direct  and  indirect  recoveries  of  all  age-sex  classes, 
except  locals). 

Analysis  of  recovery-date  distributions  indicated  substan¬ 
tial  effects  of  age  at  banding,  sex,  and,  to  a  lesser  extent, 
time  since  banding  on  date  of  recovery  within  hunting  sea¬ 
sons.  The  time  difference  suggested  that  survival  or  recovery 
rates  might  also  vary  as  a  function  of  years  after  banding. 
We  therefore  investigated  what  effect  this  variation  would 
have  on  survival  and  recovery  rate  estimates.  We  concluded 
(1)  survival  rates  that  changed  with  years  after  banding 
would  usually  be  detected  (and  rejected  by  the  goodness- 
of-fit  test);  (2)  similar  changes  in  recovery  rates,  although 
essentially  undetectable,  would  have  to  be  unusually  large 
to  bias  survival  rate  estimates;  and  (3)  differences  in  dates 
of  recovery  generally  parallel  differences  in  geographic  dis¬ 
tribution. 

Distribution  of  the  harvest  from  major  breeding  reference 
areas  is  presented.  The  mallard  harvest  from  N  Alberta- 
N  Northwest  Territories,  based  on  total  recoveries  that  were 
each  adjusted  for  reporting  rate,  was  equally  divided  be¬ 
tween  Canada  and  each  of  the  U.S.  flyways  except  for  the 
Atlantic.  SW  Alberta  mallards  were  prevalent  in  Canada 
(31  % )  and  the  Pacific  (33  % )  and  Central  (25  % )  flyways. 
Mallards  from  SW  and  SE  Saskatchewan  were  mainly  dis¬ 
tributed  in  Canada  (26%),  the  Central  (27-22%),  and  Mis¬ 
sissippi  (42-50%)  flyways,  whereas  birds  from  SW  Mani- 


49 


toha  were  more  restricted  to  Canada  (39  % )  and  the  Mis¬ 
sissippi  Flyway  (47 %).  Sixty-one  percent  of  the  total  harvest 
from  N  Saskatchewan-N  Manitoba  ~~  W  Ontario  was  asso¬ 
ciated  with  areas  in  the  Mississippi  Fly  way,  whereas  an 
equal  percentage  (61  %)  of  the  E  Ontario-W  Quebec  har¬ 
vest  occurred  in  Canada,  Most  of  the  mallards  harvested 
from  the  Washington-Oregon  (95%),  iV  California  (99  % ), 
and  Intermountain  (83  % )  areas  were  associated  with  the 
Pacific  Flyway.  Most  High  Plains  mallards  (79  % )  remained 
in  the  High  Plains  portion  of  the  Central  Fly  way.  Sixty- 
seven  percent  of  Missouri  River  Basin  and  83  %  of  Great 
Lakes  mallards  were  associated  with  the  Mississippi  Fly¬ 
way.  About  75  %  of  the  mallards  from  the  Mid-Atlantic  and 
NE  United  States  areas  remained  within  the  Atlantic 
Flyway. 

Distribution  of  the  total  mallard  harvest  among  flyways 
is  compared  to  that  estimated  by  the  harvest  survey  with 
the  following  results:  (1)  Pacific  Flyway,  21  %  (banding 
data)  and  28%  (harvest  survey);  (2)  Central  Flyway,  28% 
and  21%;  (3)  Mississippi  Flyway,  46%  and  43%,  and  (4) 
Atlantic  Flyway,  4.5%  and  7.4%  .  Our  results  tend  to  over¬ 
estimate  the  harvest  in  areas  of  high  banding  intensity,  such 
as  the  San  Luis  Valley  of  south-central  Colorado,  although 
lack  of  banded  birds  in  important  source  areas  is  also  a 
problem. 

For  each  harvest  area  (State  and  Province)  the  derivation 
of  harvest  from  major  reference  areas  is  tabulated.  Har¬ 
vest  derivation  is  illustrated  for  areas  that  accounted  for 
0.5%  or  more  of  the  total  mallard  harvest.  Mallard  har¬ 
vest  derivation  similarity  index  maps  are  also  presented  for 
the  same  areas.  We  do  not  summarize  harvest  derivation, 
due  to  the  number  of  harvest  areas  and  the  many  similarities 
and  differences  encountered.  However,  we  point  out  the 
extensive  overlap  and  similarity  in  harvest  derivation  within 
and  between  High  and  Low  Plains  portions  of  the  Central 
Flyway,  and  also  the  Low  Plains  and  the  western  tier  of 
Mississippi  Flyway  States  (Minnesota  to  Louisiana) .  Geo¬ 
graphically  separate  harvest  areas  may  derive  much  of  their 
harvest  from  common  source  areas,  because  recovery  dis¬ 
tributions  are  generally  fan-shaped  and  overlap  with  those 
from  adjacent  source  areas.  Our  results  do  not  support  the 
concept  of  management  by  migration  corridors.  The  north¬ 
west-southeast  movement  of  mallards  from  important  inte¬ 
rior  breeding  areas  in  the  United  States  and  Canada  is  not 
consistent  with  fly  way  boundaries. 

There  is  little  doubt  that  most  mallards  preseason-banded 
in  the  High  Plains  reference  area  remain  within  the  High 
Plains  Mallard  Management  Unit.  The  High-Low  Plains 
boundary  (100th  meridian  in  this  report)  is  certainly  appro¬ 
priate  with  respect  to  birds  banded  in  the  Central  Fly  way. 
When  viewed  from  the  continental  perspective,  however, 
contributions  of  mallards  from  other  breeding  areas  over¬ 
ride  distinction  of  this  boundary.  Mallards  from  the  pro¬ 
posed  Mid-Continent  Waterfowl  Management  Unit  are 
more  important  to  the  harvest  in  the  Low  Plains  than  in 
the  High  Plains. 


Seasonal  derivation  of  the  mallard  harvest  is  tabulated. 
Locally  derived  birds  are  important  during  early  hunting 
season  days  to  the  mallard  harvest  in  the  northern  United 
States,  Substantial  shifts  in  harvest  derivation  within  this 
region  occurred  1  or  2  weeks  after  season  openings.  In  view 
of  extensive  geographic  similarities  in  harvest  distribution 
and  derivation,  both  within  and  among  existing  manage¬ 
ment  units,  future  efforts  to  refine  the  management  of 
waterfowl  resources  should  also  consider  the  timing  of 
movements  within  and  among  population  segments. 
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Table  A-2.  Suqqes-ted  hunter  band  reportinq  rate  adjustments  for  mallard  recoveries  durinq  the 
years  1961-75.3 
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"THqsq  Gstima-tes  refer  fo  who  reported  code  ”21”  only.  All  others  are  assumed  to  be  reported  at  a 
100%  rate.  Data  through  1972  taken  from  Henny  and  Burnham  (1976^11);  adjustments  for  subsequent  years 
were  extrapolated  from  their  results. 


Table  A-3.  Mallard  population  weights  by  major  reference  area  for  the  years  1961  75. 
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Appendix  B 

Recovery  Distribution  Comparisons 


Tables  in  this  Appendix  present  results  of  extensive  test¬ 
ing  of  recovery  distribution  patterns.  Our  purpose  was  to 
compare  categories  of  mallard  bandings  or  recoveries,  or 
both,  to  identify  those  that  could  be  combined,  based  on 
empirical  evidence.  Our  use  of  a  procedure,  referred  to  as 
a  centroid  test,  follows  the  recommendations  of  J.  Nichols 
(personal  communication) .  A  brief  explanation  of  the  pro¬ 
cedure  is  described  under  Methods.  The  test  statistic  for 
each  comparison  is  distributed  approximately  as  X  with 
2  degrees  of  freedom.  Since  X^  random  variables  are  addi¬ 
tive,  a  summary  statistic  for  each  reference  area  may  be 
computed  with  degrees  of  freedom  equal  to  twice  the  num¬ 
ber  of  comparisons  included.  Continental  test  statistics  were 

obtained  as  -2  E  In  Pi,  where  Pi  denotes  the  probability 

associated  with  the  individual  test  statistic  of  reference  area 
i,  and  n  denotes  the  number  of  reference  areas  available 
for  the  test.  This  statistic  is  distributed  as  X^  with  2n  df 
under  the  null  hypothesis.  Although  the  X^  approximation 


is  valid  for  a  total  sample  size  of  17  or  more  recoveries,  we 
compared  sets  of  recoveries  only  where  each  was  repre¬ 
sented  by  20  or  more  recoveries. 

Only  differences  in  recovery  distributions  that  were  sig¬ 
nificant  at  the  0.01  level  are  indicated  in  the  tables,  because 
the  centroid  test  is  also  affected  by  variation  in  banding 
site  or  banding  intensity.  To  provide  more  information  we 
tabulated  latitude-longitude  differences  (denoted  Lat  and 
Long  in  the  tables)  between  centers  (means)  of  recovery 
distributions  if  they  were  significant  at  the  0.01  level. 
Comparisons  of  banding  or  recovery-types,  or  both,  include 
the  following:  (1)  locals  versus  immatures  (Table  B-1), 
(2)  immatures  versus  adults  (Table  B-2),  (3)  males  versus 
females  (Table  B-3),  (4)  direct  (HSS-1)  versus  indirect 
(HSS2-N)  recoveries  (Table  B-4),  (5)  direct  adults  versus 
indirect  immatures  (Table  B-5),  (6)  direct  recoveries  dur¬ 
ing  consecutive  years  or  year- groups  (Table  B-6),  and 
(7)  indirect  recoveries  of  birds  banded  during  consecutive 
years  (Table  B-7). 
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for  sample  sizes  <  20  local  (NL)  or  immature  (NI)  recoveries.  Significance 
latitude-longitude  differences  are  tabulated  instead  of 


Table  B  2.  Results  of  testing  the  hypothesis  that  immature  and  adult  mallards  have  similar  recovery  distributions. 


60 


CSJ  ro  VD  un  oo 


O'  —  .a-  St-  r>.  (Nj 
ro  CO  to  C\J  Cvf 


'-f-vOv  L^^o»oro^'^.>^5s^ 

CSJsOCM  rO^J-sJ-LO'^tO 


O'  CD  m  CO  O  00 
co  O'  o  cr.  ro  un  o 
ro  C\J  ro  ro 

eo  ^  Cl sr  o 
o  03  o  vO  CNJ  r" 
rj  *“ 


o.^cDsrrorocor-' 


Lnr'-sor'.srvor-.  oo 
roo'-^oomr-ONsr 
^  C\J 


o  eo  o  fM  sr 
D  so  r*-  r-^ 

^  O'  O  O'  CJ' 


*-  r-*.  CD  c^ 

sr  to  ro  eO 
c\] 


sT  ■.£>  oo  lO  O 

ITI  vO  SD  n'.  -M 
O'  O'  O  O  o 


to  m  O  t'.  \0 
o  iTi  rj  O'  00  m 


tA'a*0'N£)'— 
to  so  to  O' 
CM  C\j  cu 


O'  LO  O'  CT'  00 

©o  CM  ©0  •^  <=>  CD 


CD  CD  CM  sD  to  •-  in 


r-  to  lo  Cvi  m 

. M- 

CM  CM  CM  to  to  "O 


CM  sr  cji  m  CM  ' 


D  nO  to  to  'JD  to 
-  CM  sr  Ln  *-  Co 


CD  m  sr  m  o  so 

CM  CM  O 


00  t"  O'  Ct'  O'  CM 
sD  CO  tv.  CM  CM  O 


sO  CO  Cl  CM  sr 
'0  so  j".  r-v  r- 
O'  O'  O'  O'  O' 


'I  P'.  O  —  to 
D  so  so  r-'  r-'v 
'  O'  cr  O'  O' 


m  u 

JSC  c 

tfi  m  P'.  O'  Gi 

C5  'O  sD  'O  sO  1. 

CO  O  O'  O'  O'  Qt 


C  O'  •»-  to 

nj  vo  pN. 

^  ^  O'  O'  O' 


Table  B-2.  Continued. 


61 


I  I  cr 

I  I  c 

I  I  o 

I  I  -j 

I  01  I 

I  I 

in  j  i  -p 

)  ^  I  nj 

01  I  I  -J 

I  I 

I  ro  I 

I  I  in 

u  I  I  01 


i  { 

>  i  01  I 

I  t  < 

o  I  I  z: 

I  ll.  I 

o  f  I 

i  (  n 

01  I  i  2: 

i  1 

i-  I 


I 

I  I  cn 

1  I  c 

-PI  I  o 

I  I  —I 

u  i  I 

t  I 

01  [  I  ■+» 

I  OJ  f  ni 

t-  I  I  _j 

I  I 

I  -H  I  -P 

I  I  m 

■Q  I  10) 

I  0)  I  h- 

C  )  ) 

I  I 

i-t  I  j:  I 

I  I  <r 

I  I  z: 

I  I 

I  I 

I  I  l-H 

i  I  z: 

t  I 


M- 

■o 


•o 


H- 

■o 


CvJ  CM 

CM  -r- 


00 


yK 

X 

m  CM  rO  vtf- OO  lO  vD  v3- 
OOC7'CM'^CO’“CMCO'^C30 


o 

)K 

(M  (M  CM  nT  CT' m  CM 

CM  o  vo  00  <=>  m 


«,o  in  CJ^ 

CM  o  o 


v^*~»-OOC7^OO00Ov3-  O 
M- 


to  CM  CM  ' 


CM  to 


00 


r^or^co<^fncr‘o*“oo 

cMin'd-tosj'invDcr''^mcM 


O  sD  ro  CT'  m 

m  m 


r--  sj-  r--  nO  00  o 
CM  rO  CM  nD  si-  sr  CM 


tomo  CT''-oOc^tnirir^vOvpcr'<j' 

rocMCM  inr^r^sDooosDr^'"ooto 


m  CM  lo  CM  in 
CT'  r^.  cT'  to 


o  CM  m  to  oo 

rO  C\J  CM  CM 


CO  cr« 

O  sD  \0 

o  •- 


O  CM  stf- 


CM  -£> 


CM 


vj-  m  s:|-  to  sT  to 


■D  <=> 


H- 

*U 


•4- 

T3 


C3  oo 


o  o  o  o  o  o 

I 

scT  >T  CM  oo  in  o  ro  v£)  m  c\]  m 
—  CMcOtOCT'OCZ}  CM 


m  CT' OO  CM  M-  00 

OO'^tnCMO^CDLPl  ▼- 


oO  C3  o  in  n3-  *- 

m  o  m  o  in  oo 


^vCM^DtOCM(\J^:^'~C7^CM^^  O' 

CM  CM  CNJ  --  to  vj" 


OOinrO'-CMO  n3- 
■r-  CM 


oinvDC\jrotorj  to 

CJ 


ocO'^'  vcfCMoominmr^r^sDOOo 

rO'^lO  CMsOCMND>?'sDr^CvJr'-tnrO 


00  00  oo  o  o  v£>  m 
O'  •“  O'  <r  'J' 


r'-  m  O'  oo  oo  o  so 

O'  CM  O  O'  so 


O'OCT'  '<rinoin<r'0'j0'^vj-c'Jin 

sor'-sj'  oocMoootoKj'0>D':reoin 

■r-  ^■^’-CMtOCJ’- 


nJ-  CM  rO  CT*  to  00  <=> 
'3-  C'vl  00  O'  CM  r'-  vD 


CM  vD  eo  00  no  m  t''. 
Lo  m  nJ"  vT  in 


I  I  IT 

I  i  c 

I  I  o 

I  I  —I 

I  QJ  I 
I  I 

I  I  -p 

in  I  -H  I  ft) 

I  I  -I 

01  I  I 

I  ft)  I  -p 

.--I  I  in 

I  I  CD 

t-  I  E  I  H- 

I  I 

O  I  I 

I  0)  I 

>1  I  < 

I  I  z 

O  I  Li_  t 

I  I 

O  I  in 

I  I  z; 

01  I  I 

I 

L.  I 

I 
I 

I  1  cr 

I  1  c 

I  )  O 

I  I  -J 

t  I 

-p  1  I 

(  I  -p 

U  I  I  ft) 

I  0)  I  -I 

01  I  I 

I  I  -p 

C_  I  n  )  m 

I  I  o 

•►-I  I  h- 

I  ft)  I 
Q  I  I 

I  I 

I  j:  I  c 

I  I  z 

1  I 

I  I 

l  I  n 

I  I  Z 

I  I 


r'v 

o 

I 

t'- 


H- 

T) 

N?- 

CM 


00  O  sD 

0—0 

—  mm 


M- 

TD 

nJ- 


>: 

O'e0'3'mo'r^t0'3-oa'r^r>.cj 
ovT-mmi&oo'to— rooo«n  — 


X 
o  X 

oo— to— r'-r^to  o 
^oCT'vO'^O'^j"  to 


X 

X 

O' VT  00 'O '3' o  CO  O' 
rjo'oO'OCNim-  NO 


O'J-CMomCMONDCMC'JomtO 
—  NT 


r'.cooo’-oom—  nj  sj-tor-vCMsoo^^i  — 

CM  nD  tn  —  '3' 


m 


ocMr'-i'''C00'ONrr'-'0’“N3' 

%3'NDromroND'DomNDmm 


mo  —  —  o\ncoco 
>n  o  to  t'v  rv  sT 


0>^  —  CMO'CT'O'^ 
torocMr^'3''0'OCJ 


tomo'  sn'3‘r^oCMCiOr''Or^CT'ooo 

^£>^^-co  rom— torjotorj— O'O'ro 

—  —  —  —  C'J  —  to  »o  to  —  — 


rOC'JsOm'3'OOmo 

m  m  CM  —  nd  CM  CM 
—  CM  C'  J  —  —  —  ’- 


'3‘CMf'^oCMorom 
totomNDCMmm  — 


M- 

"O 

CM 


00  00 

to  to 

v3-  Nf 


to  OO  nD  CM 
—  O  O  O 


'P 

*D 


s3-  —  CM  o 

o  o  —  o 

I 

—  CM  s3-  00 


M- 

T) 


^  o  —  o 

X 

r>.  —  cmf'^'O^cjcxD'DCm— O'fM 
ooc\iosrmp-oof^')'3'0'3*cooo 


t-  O  ■r-  »- 

I  X 

X 

s3'>JDC7'00'3'fOm  O' 

O'O'  —  c'ommND  o 


o  —  —  o 
I  X 

om'/>cM  —  —  oooof'' 

sDCT'tomoom'prN.cj 


m— cMt^'oror'.  —  'TNdoo'm 


ndmD'3’  —  c3toto  rv 

m  m  CM  —  m 


—  or'-mcM— to^3•oo 

—  —  m  —  o 


oOoocomoO'3-O'sDmeOeOo 
CM'3-rO'3-'3-'JDvO'^  CO'P'D'O 


»3'tor^tomvotoo 

O'  oo  oO  'P  r^  '3'  'P 


\0'P'P'3'<T'O'mCM 

'3-r'»coo'r',ot's.so 


conDCJ  r'vcocomrj'-'pto  —  otOsT 

Nomto  CMNroOr'.'J-'P'rr'-r-too'oo 

—  -r-  -  —  ^CMCM'3-<r'3'rO  —  — 


—  C7'vDCMCM'3-mo 
'43  CO  \D  —  nO  CM 
CM  CM  CM  CM  CM  —  CM 


moooomr'-r'-to 

00'3-<OtOr'^—  OsT 


ft) 

CD 

L. 

(D  a 

D 

CD  O 
U  P 
C  C7 
0) 

l_  l_ 
CD  O 
M-  Cl 
CD  > 
t- 

*o 

t-  c 

O  fXI 
CD 

s: 


to  \D 

<C  O' 

to  — 


U 

c: 

m  O'  CD 

<0  nD  P 
O'  O'  a 
M- 

o 


ft) 

CD 

m'Pr'-ooO'o— cMtOsT-m  p 
I  no  'O  vo  vo  nO  ['•  I'--  f'"  t'.  o 

O'O'O'CJ'Ct'Cr'O'O'O'O'CT' 

—  —  —  —  —  —  —  —  —  —  —  CD 
U 


'-'CM'3''D00O>CM'3- 
vD  nD  vO  nO  t''  f''-  f'' 
CC'O'O'O'O'CJ'cr' 

& 

CD 


c  —  tomf'-O'  —  to 

sD  vO  '45  t''.  P'. 
_CCt'C7'0'Ct'C7'0'CT' 


CM  vT-  >4D  CO  O 
'45  sO  sD  '45 
■N  O'  O'  O'  O'  O' 


CJ  nj-  ft) 

fv,  P'.  ^ 

O'  o  o 

T-  -r-  45 


CD 

m  s- 

p',  ft) 


t  1  I  I  i  p"  ft) 


■  —  —  to  m  f".  O' ' 

«-H  vO  sO  '45  '45  r 
ft]  O'  O'  O'  CT'  O'  C 


Cki  UJ 


Table  B-2.  Continued. 


62 


I  I  cr 
I  I  c 

>  I  o 

I  ? 

I  01  I 

I  t 

jn  I  I 

I  -H  I  03 

01  I  I  _i 

I  I 

•  ^  I  fS  I  4^ 

I  1  10 

U  I  1  01 

t  E  I  K* 

0)  I  I 

I  I 

>  I  0)  I 

I  I  <c 

o  I  I  z: 

I  Li-  I 

u  I  I 

I  I  h-t 

03  I  I 

I  I 


I 

I  t  cr 

I  I  c 

■+'  l  1  o 

I  I  —I 

U  I  I 

I  I 

01  I  i 

I  01  I  0) 

LI  I  -J 

I  I 

...  I  .-I  1  -M 

I  I  in 

"D  I  !  Qj 

I  03  I  »— 

C  I  I 

I  I 

*-i  I  I 

j  I  <t 

I  I  z: 

I  I 

I  I 

l  I  KH 

I  I  zo 

I  I 


in 

/-N 

>o 

4- 

4- 

4- 

T> 

o 

•D 

XI 

o 

o 

CM 

'd- 

>£3 

W 

W 

w 

O 

a 

I 

TIC 

J 

X 

CO  o  oo  CM  sd-  C^O 

©0  p^  sd"  <=>  to 

CTS 

'C  O  CT*  CTS  to  m  CTS 

CM 'd-  P^  ©0 'd' 

o 

CTS  CT'  sd- 

v3-  CM  O  vd-  ©0  O 

to 

in »-  so  o 

©0 

s-  m  CM  sd-  s-  sd-  'O 

n. 

to  o  »- 

to  ps- 

m 

60  sO  'd- 

O  O  O  ©0  to  to 

CM  — 

to  CM  O 

o 

to  00  SJO  to  m  CM  c> 

O' 

sd-  CM  o 

to 

o 

»-  eo  'd- 

CM 

CM 

—  to  P'.  nD  sD 

CM  CTS  p% 

•-  ©0  to 

to 

in'd'tomNd'CT''- 

in  CM  in 

O'  P'- 

p^ 

sn  CM  CTS 

f'v  O  CM  to  s-  rO 

o—  P^  CT' 

in  cjs  in 

to 

©0  —  sd-  O'  O  ©0  sD 

p^  sT  CM 

^  o 

CTS 

CM  s£J  o 

** 

■ 

tOtO^"- 

s-  CM 

^  S- 

•-  sr-  »- 

p^Op^CMrOs- 

©0  m  -- 

v£>  O  to 

to 

O'd-otomcMsd- 

*-  O  to 

CM 

sd- 

sD  O  CT' 

m  vD  to  vd*  CM 

m  CM 

OO  o  sd- 

in 

'Od  CM  CT'  —  —  CTs  p^ 

s-  P^  CM 

to  P^ 

to 

in  s-  CTS 

*- 

CM  — 

w-  ^  ^ 

CM 

CM 

to 

m  ©0 

/-% 

fs-  so 

CD 

to  P's 

4- 

4- 

4- 

to 

X 

CM 

CM 

X 

n 

2 

2 

CM 

2 

3 

CM 

'd- 

sd- 

to 

©0 

'd- 

sO  to 

*-  o 

s£l 

sd-  ©0 

w 

o 

o 

CD>  O 

o 

o 

O  CD 

1 

>r 

1 

1 

1 

TK 

1 

1 

xc 

o  to  *- 

«-  P'^  o 

CM 

s-  CD 

to 

ps-  P^  vD  P^ 

CO  CD  oo  sD  OO 

CM 

to  to  sjO  O  sd*  CD  to 

©0  (M 

p^  p'-  CTS  CTS  p'-  OO  CO 

CM  ps. 

to 

CM  CTS  m  CTS 

o 

in  O  CM  vO  to  00  sD 

to 

O  to  O  CM  CTS  CM  O 

CTs  oO 

to  o  »- 

«d-  to  vd"  CTs 

O  sO 

sD 

00  CM  to 

CD 

CTS 

CD 

to 

*-  CD  O  O  »- 

©0 

to  sd-  CTs  CT  CM  ps 

o 

in  sd- 

CM 

to 

CM 

to 

Cd 

o 

to 

m  sjd  oo 

sO  oo  CTs 

CD  in 

sO 

—  O'  OS 

'd- 

'd- 

CM 

to  sa  s-  eO 

O  ©0  ^  CD  to  s- 

CTs 

©0  CTS 

to 

CM  sD 'd- 

sD  CTS 

O' 

CM  00  OS 

eo 

sO 

CD 

Ps  CTS  oo  m  — 

sd-  CTS  sO  S^  ©0  CM 

CTS 

sd*  CM 

—  CM  CM 

CM 

sd- 

'd-  CM  — 

to 

m 

in  to  CM  CM  CM 

»- 

to  oo  CTS 

CD  m  o 

to 

o 

00  in  m 

CTS 

m 

in  CM  o  sd*  in 

eO  ©0  CTS  CTS  CP 

o 

s£>  ps 

Cd  CO  to 

O'  p^  in 

CM  in 

p^ 

ps.  Cts  CM 

ps 

o 

o 

O  PsJ  CTS  sT 

CM  *“  to  sD  OO  ps 

in 

sd-  in 

^  V-  CM 

CM 

CM 

'd- 

sd-  CM  CM  •-  »- 

CM 

to  CM 

I  I  cr 

I  I  c 

I  I  o 

I  I  —I 

I  01  I 

I  I 

I  I  ~t-> 

tn  t  — H  I  0) 

I  I  -J 

a;  I  J 

I  rs  I 

..-I  j  m 

I  I  03 

L  I  E  I  >- 

I  I 

QJ  I  I 

I  03  t 

>  I  I  < 

I  I  z: 

O  !  U_  I 

I  I 

O  I  I 

I  I  z: 

0)  I  t 

I 

L  I 

I 
I 

I  I  cr 

I  I  c 

I  I  o 

I  I  -J 

I  I 

•+»  I  ) 

I  I 

U  I  I  o; 

I  01  I  —I 

Cl  i  t 

I  I  -M 

u  I  ^  1  in 

I  I  01 

I  I  H- 

I  01  I 
Q  I  I 

i  I 

I  51  t  C 

I  I  z: 

I  I 

I  I 

I  I  *-i  : 

I  I  z:  i 

i  I  i 


O  cC  <M 
o  o 


eo 

.  .  .  4- 

—  o  'T-  T> 


LTi 

o  o  o 


eo  (\I  vO  oO  ’ 
CM  ro 


in-^M'OONOfOCM'd- 
eQ  cr-  siD  «j-  iO 


incT'OON^-r^fsj'rf' 
mr^'j’f^r^oor^r^ 
CM  CM  ^ 

to  OJ  CM  (M 


tOtOOCMOCr^tOMDCM 
o'lncMCT'Lnoo^O' 
CM  — 

r>.CM^3-CMCM•“C^^D^£) 

tOeOc>tOOQ^^3"r~'0 

^-^^-CM-^CMCMCMtO 


CM  00  ' 
CM  e 


irioo^CMr>- 
o  o  »-  o 


vD  eO 
,  .  .  4- 

CM  CM  to  TJ 


as  %:»•  in 

—  CM  s- 


m  to  MD  CM 
to  to  CM  CM  «3- 


rO  eO  to  •• 
to  CM  -d- 


00  m  vd* 
CM  CM 


rj  oo  m  m 

to  tn  o  CM 'd' 


SJ-  CM  vD  C3  CTS 
O'  o  sd"  »"  CO  C7S 
»-  CM  »- 


cosDoooo(Mr^cy'» 
>*-vd-‘^oto.d‘eo\ 
»-  CM  CM  CM 

ooOiAoOsOcys^nu 
s-CMtO'^CMO  —  © 
CM  CM  CM 


O  to  MD 
m  CM  to 

'^tOCMCM»- 

O  sD  CM  O  os 
O  O  O  C3  CM 
s-  in  sd-  CM  CM 


C7S  r'.  •*- 
CM  CM  O' 
CM  CM 

in  o  OS 
to  nD  M5 
to  to 


e000'^mocT'r«..oo 

intOsO'd'sd'Cr'Os-o 

^^^CM'-CMtOfO.d- 


ffl 

G) 

L 

m  Q. 
D 

01  o 

U  L 
c  cr 
03 

L.  1_ 

cy  Q 

4-  QJ 
01  > 
L 

TD 
L  C 
O  CD 

ro 

z: 


CM  sd-  sO  eo  o  in  TO 

s>nsOsDsor^r^4-' 
*  O'  O'  C7S  OS  <d'  O'  o 


CM  d-  sD  CO  o  CM  sd- 
\o  sD  «iO  p'^  t'^ 

O'  O'  O^  O'  O'  O' 


wCM'd-socoocM'd- 
sO  sD  sD  P'*  P'-  C'* 
CO'OsCTsOsO'CTsas 


TO  t  I  I  I  I  I  TO 


E  »-  to  in  pv. 

l_  Md  sO  sD 
01  CPs  O'  CTs 


u 

c 

cjs—  01 

CJS  <7s  QJ 
—  ^  If- 
QJ 
Ckf 


in  L 

I  P'.  TO 


TO 

CL'»“tomp'.cys'»“to 
sD  vD  sD  'O  P'v  P'^ 
-COSCd'QsCd'Ct'Cr'CP* 
CT.s-  ^  ^  ^  ^  ^ 


I  I  I  I  i  I 


01 

in  L 

I  P''  TO 


Ds~toinrs.os*~to 

0M>'n'O'n'np'«P'* 

in  O'  O'  O'  O'  CTS  o^  O' 


•-CMtOsd-mvOP^COCTs 
tn  sjO  Md  sO  sJd  Md  \D  sO  sjO  sO 
01  O'  CJs  O'  CJs  CTS  O'  CTS  O'  O' 


Table  B-2.  Continued. 


63 


1 

1  Cn  1 

1 

1  C  1 

M" 

s- 

H- 

4-  1 

1  O  1 

T) 

•D 

*D 

X  1 

1  ..j  1 

1 

1  01 

1  1 

MD 

CM 

o 

00  1 

c 

1  1 

(M 

(M  1 

2 

1  in 

1  -v  1 

o 

1 

1  ru  1 

1 

X 

1  01 

1  ^  1 

^♦C 

)K  1 

in 

1  t 

1 

1 

J  ru 

1  •4-'  ) 

o  O' 

r- 

00  CM  o 

CJ 

CD  to  <r  vo  o 

CTS  1 

•4J 

1  in  t 

in  m  in 

m 

CO  nJ"  to  CN  to 

90 

to 

m  in  oo  sd" 

CJ  1 

o  c 

>  L 

1  QJ  t 

c  ru 

1  E 

1  h-  1 

o  nd  o  in 

o 

vD  in  sJ"  CD  o 

n3- 

2 

2 

CM  O 

«3-  } 

QJ 

1  01 

1  1 

in 

CM 

PN.  1 

0)  E 

1  > 

1  QJ 

1  1 

1 

ru  ‘s 

1  <  1 

sS"  OO  O  O  CTs 

rO  to  CM  CT'  o  m 

CM  CD  CTs  m 

1 

1  o 

1  Z  1 

CO  in 

CM  CT'  CM  m 

CJ  to 

to  to  to  ■»“  *- 

1 

in  CD 

1  U. 

1  1 

1 

-p»  • 

1  o 

1  1 

1  t-i  1 

CT'  »—  oO 

in  vj-  in  in  sd-  *-  m 

CO  00 

ro  so  CTS  in  oo 

1 

1 

in  o 

QJ  V 

1  w 

1  z:  1 

tsj  o  <r  >iD 

CT^  ■>£)  O  O  rO 

in  00 

CD  sO  to  CM 

1 

p- 

1  1 

J 

Ttc 

1  L 

1 

J 

5»C 

1 

1 

X  - 

1 

01  X 

1  cr  1 

O'  o  »3-  rv  so 

90  CM  <r  m  o 

to  x-s 

X  QJ 

1  C  1 

M- 

H- 

•  M- 

4-  1 

D  -V 

1  -V 

1  O  1 

stf-  in  rO  ro  rO 

X) 

va-  CM  to  CM 

T) 

m  X) 

X  1 

— i  ru 

1  —I  1 

1 

o  u 

1  U 

1  1 

CO 

CM 

CM  1 

c  •- 

1  1 

sD  O  CT' 

CM 

to  o  CM  m  — 

to  1 

-X-  X 

1  01 

1  1 

W 

•  w 

c 

1  QJ 

1  ru  1 

C3 

O  O  CD 

O  CD  CD  O  O 

V- 

( 

in  — 

1  L 

1  _ 1  1 

1 

^♦c 

1  >K 

X  1 

c 

1  1 

X 

x 

X  1 

O  4J 

1 

1  1^ 

1  -V  1 

in  CM  r>.  00 

CM 

CM  CT' 

vj- 

CM 

r->  CTs  CM  CTS  90 

to  1 

in  o 

1  in  1 

ro  CD  m  CT' 

CM 

CT'  oo  vT  CO  CM  eO 

MD 

09  9S- 

CD  *-  in  to  in 

^  1 

c 

1  "D 

1  QJ  1 

L. 

1  nj 

1  J—  \ 

o  C7'  r'.  »-  o 

90 

C7^  CM  v/D  to  vn  m  CM 

*3-  in 

to  ps.  CM  CM  in 

O  1 

ru  in 

i  C 

1  t 

rO 

^  CM 

CD 

CM  ^  CM 

to 

00  1 

Q-O 

1  t 

CM 

sjr  1 

E  • 

1  hH 

1  ^ 

(  i 

l  C  1 

CD  o  >r 

CD  CM  MD  vD  in  CM 

f-s.  eo  os  to  s3- 

1 

1 

O  o 

U  V 

J  Z  1 

m  CD  00 

mD  oo  to  \D  m  O  CM 

CM  CM 

CM  to  «3-  to  s- 

1 

t  1 

-- 

1 

»+- 

tVJ 

v£>  00  O 

to  P^  OO  to  O  sj- 

CD  pv. 

o  to  CTS  m  o 

1 

in 

1  Z  1 

*j-  CO  in  fsj 

O  O  O'  sD  O  to 

p^  »- 

CM  s3-  00  in  to 

1 

L  xH 

1  1 

1 

■9- 

1 

i 

QJ  QJ 

X  > 

1 

1 

1 

1 

E  QJ 

D  -H 

1 

i 

C 

t 

1  CT  1 

CD 

00  ^ 

•<-  —  90  to 

oO 

QJ 

j 

1  C  1 

.  H- 

'  M- 

4- 

4-  1 

QJ  U 

1 

1  O  1 

O 

--  u 

CD  O  O  CD 

o  TD 

X 

X  1 

X  c 

1 

1  ^  1 

i 

\ 

I 

-P  ru 

1  QJ 

1  1 

o 

90 

s3- 

00  1 

U 

1 

1  1 

CNJ 

CD  rO 

to  to  O  90 

p^  »- 

CM  J 

GJ 

1 

1  1 

•  W 

.  w 

w 

u  •+- 

1  in 

1  p-H 

1  ru  1 

CD 

1 

IP- 

1 

1  ^  1 

1 

3  c 

1  OJ 

1 

1  ) 

X 

yii 

»:  1 

-p  cr 

1  ru 

1  4J  1 

CD  o  CM  m  oo  o 

r^sDs^-toincMop^s^- 

o  o 

CM  sn  CM  s£)  CJ  00 

to  1 

•— 

t  — 

1 

1  in  1 

1  CJ  1 

1  1—  1 

*“ 

vD  CM  m  C'O  v3- 

p^inr^Lnto>3->^Lr^in 

OS 

CM  CM  CTS  r-^  O  ^ 

00  1 

11  in 

1 

1  E 

CD 

ro  o  CO 

o  rO 

vO  CD  ■«-  CM  m  CM  to 

o 

m  CM 

o  s-  CM  S-.  in 

m  1 

4- 

1 

1  1 

CM 

CM  to 

ro  ■»-  to 

CM 

in  1 

X  •  • 

1  QJ 

1 

1  1 

sj-  1 

in  •> 

1  QJ 

1  1 

1 

X  QJ  TK 

1  > 

1 

1  <t  i 

— 

tn  CO  C7^ 

V- 

vi'tOOO^OOtOCT' 

VT  CM 

o  CO  CM  to  st-  r-. 

1 

-P  ■.-  X 

1 

f  Z  1 

sO  O  OO  nO 

o 

tOsDCD'intor-.s^-to 

CM  to 

s3-  s3-  sT  CJ  CM  — 

1 

...  1_  ► 

1  O 

1  Li. 

1  1 

1 

3  QJ 

1 

1  t 

1 

>  4- 

1  u 

1 

O' 

CM  O 

CM  oo  in  m  eo  CM 

— 

S3-  CM 

CJ  CJ  00  CTS 

1 

o  o 

1 

1  Z  1 

^3■ 

vO  vD 

MD 

r  J  CD  O"  o 

m 

CTs  ^ 

O  MD  to  CO  00  sO 

1 

X  o 

\  QJ 

1 

1 

1  J 

J 

CM 

—  CM  CM 

CJ 

-  - 

CJ  —  «~ 

1 

1 

GJ  X 
in  i_  ru 

1  i. 

1 

1 

1 

1 

J 

1 

1 

1  O'  1 

in 

00  to  CM  00 

>o  ^ 

to  LD  CM  to  CJ 

s3-  OO 

1 

1 

1 

ru  GJ 

y-s.  ^ 

X  in 
^  z  c 

1 

»  C  J 

•  M- 

4- 

•  •  4- 

4-  1 

G)  s.y  .- 

1 

1  O  1 

rO  no  CM  CM 

—  T5 

CD  O  O  O  O 

TJ 

o  —  X 

X  1 

-P 

1 

1 

1  _J  1 

1  1 

o 

1  1 

90 

1  1 

CM 

J 

CM  1 

ru  -p  X 
E  x-r  QJ 

1  +> 

1 

1  1 

o  ro  CM  o  o  m  rO 

•JD  00  vi-  CJ  CM 

V- 

CJ  CM 

to  1 

•  x-  D  4-> 

1 

1  -p  1 

*  W 

•  •  s.^ 

X  X  ru 

1  O 

1 

1  ru  1 

CM 

—  CM  CJ 

(NJ  ^  ^  ^  ^  ^ 

CM  — 

) 

O  ru  x-H 

1  QJ 

1  -J  1 

5tc 

J 

C  D 

1  01 

1 

1  1 

5»c 

3»C 

X  1 

X  L.  X 

1 

1  1 

>D  sD  MD  CD  ex'  nO 

eocMcr'r^co*"moooo 

S3- 

CJ  CTS  o  *-*  r--  ro 

oo  1 

X  O  ru 

1  L. 

)  in  1 

rO  CD  C7^ 

vj-  CM  CD  •-  CM 

CJ 

sO 

p-*-  CTS  oo  in  o 

CO  1 

ru  X 

1 

1  QJ  1 

1  •— 

1 

1  J—  t 

ro 

m 'd' 

m 

to  CJ  00  —  CM  CJ 

O  90 

r-s 

CM  sD  CJ  CM  to  in 

sT  1 

X  i-t  Ql 

1  ru 

1  1 

in 

»-  *-  CM  CM 

nO 

CM  to  Sj-  to  to 

(J9 

—  T-O- 

00  1 

QJ  Z  C 

1  Q 

1 

1  I 

CM 

ro  1 

-p  s.^  ro 

1 

1  t 

•-  1 

D 

1  21 

t  <  1 

o 

to  <r  00  — 

to 

sj-  o  LO  oo  o  r>.  «- 

o 

00  CPs 

m  sT  CO  00  00 

1 

X  QJ  m 

1 

1  z  t 

"D  O 

vi-  o  v£>  r''. 

nD 

CO  sD  m  >3-  \3-  o  M- 

to 

CM 

CJ  to  to  to  CJ 

1 

■X-  i_  GJ 

1 

1  1 

QJ 

1 

1-  D  U 

1 

1  t 

D 

1 

-p  X  c 

1 

1  »-i  1 

c  to 

C7^ 

sjO 

ctN  CD  v3-  eo  o  o 

rO 

r-s  m 

tOsOLnCTs*--^- 

1 

in  fu  G> 

1 

1  Z  1 

'cr  CM 

ex' 

in  00  nD  Nj-  cr*  CM 

CTS  LPi 

s3-  r-s  oO  sT  sO 

( 

.X-  E  C 

1 

1  1 

4^  fO 

CM  ro  CM 

CM 

—  ^  CM  —  ^ 

»- 

CJ  — 

1 

X  E  01 

1 

C 

( 

s- 

t 

o 

1 

in  4- 

1 

o 

t 

.X-  O  -X- 

ru  1 

so 

1 

CM  X 

QJ  1 

1 

ru 

CM  so  CO  C3  CM  <r 

ru 

—  CJ  s3- 

sO  CO  CD  CM  S3'  ru 

1 

o 

U  1 

1 

OD 

MD  MD  sD  MD 

s-'  so  sD 

vtD  sD  -P 

1 

.X-  V  QJ 

ru  0.  1 

O 

■^CT'Ct'CP'CT'CT'O'CT' 

o 

09  09 

CT'  CTs  CTs  cs  CTS  q 

»H  1 

-P  X 

D  1 

-P 

-p 

in  —  — 

9~  9~  9-  9—  9—  4J 

ru  1 

in  m  p 

Ql  O  1 

«d- 

GJ 

-p  1 

GJ  -p 

U  s-  1 

ru 

ru 

“P 

ru 

O  1 

-p  rj  — 

c  cr  I 

W 

QJ 

Ql 

ru 

QJ 

ru X 

Ql  1 

o 

*-  CM  to 

m  c. 

u 

in 

4-> 

m  i. 

1 

X  m  c 

U  1-  1 

in 

r'. 

r-.  fU 

1  1  1  1  1  1  1 

p^  ru 

in  1  i 

1  1  1  t  1  r->  ru 

in  o 

GJ  rc  1 

GJ  CT' 

CT'  O  CT' 

o 

-p 

09 

09 

ru  1 

Ql  -t 

S-  GJ  1 

JX'. 

^ 

«-  Ql 

9r~  Q 

TJ 

—  CLI 

-P  9-(  1 

QJ  >  1 

ro 

LJ 

ro 

u 

01 

u 

C  1 

in  X  Ql 

U  J 

_j 

c 

l-H 

c 

-P 

c 

Ql  1 

01  EX 

■D  1 

01 

toinr^ct'— to 

Ql 

ro 

in  CTs  —  to  QJ 

C  i 

-p  ro  D 

L.  C  1 

-p 

L. 

<3C  'O  90  MD  MD  MD  r^  r^ 

U 

C  sO  sO 

sD  sD  s£5  p's.  rs..  1. 

I 

in  X 

o  ru  1 

ru 

Ql 

1  CT'  O'  O'  ex'  O'  O'  CT' 

QJ 

ZD  O'  09 

CTs  09  CP-  ^s  Cf.  QJ 

-p  1 

Ql 

Q) 

M- 

■4- 

•>—  9- 

♦“  »—  s—  S—  ^  Sf. 

C  1 

X  ex 

ru  i 

L. 

Ql 

.1- 

GJ 

LU 

GJ 

O  1 

>—  o  ro 

j:  j 

o 

IZ 

n 

IZ 

Z 

CkZ 

O  1 

<0  4-x 

64 


I  -V  1 

I  1  m 

I  I  01 

I  nj  I 


(>■  (M  sD  si- 

'd-  vj-  ro  <r 


(sj  \D  eo  o  m  ro 

/->  so  sD  vD  P'.  -M 
CM  cr>  O'  O'  CT'  O'  O 

w  —  -r- 


■<  —  ro  rv.  CT'  CU 

>—  o  sr>  v£>  o  L. 

_J  O'  CP  O'  O'  OJ 
<  —  ^ 


in  eo 'd' 

»-  ro  sT  tT' 


O'  o  iTi  o  eo  vO  00 
CO  CT'  C3  CP  ro  tr>  sD 
ro  CM  ro  rO 


eo  in  o  'd'  CP 
o  00  o  ^  CJ 
CM  CM  '- 


<U  C 

X» r-.  01 

r-t'O'or^L. 
<C  CP  O'  O'  QJ 


^(M'd-sOoOOCM'd- 
'Ct*'0'OsO'Dr'»r'*r'- 
(T^  O'" 


trt'-romrv.cP'^ro 

fd'JO'OsOsD'Of'^P'- 

COCPCPO'O'CPCPCP 


•“  o  CP 

'd'  ro  ro  00 


^  >d*  00  m 

m  vD  vO  vO  P'.  -p 
^  CP  CP  CP  CP  o 


^  c 

in  tn  p.  CP  OJ 
nj  NO  so  'O  'O  C- 
to  O'  CP  O'  CP  Ql 


ID'd-CP'O*- 
ro  'O  ro  CP 
CM  CM  CM 


SD  OO  O  CM  'T 
SO  nd  P'-  p>. 


rd  I  I  I  I  I 
Si 


C  ps.  CP  ro 
CB  MS  sO  sO  nv 
n  CP  CP  CP  CP  CP 


1975  102  49  1.98  112  30  5.97 

Reference  area  total  22.10  (12  df)  22.98  (  12  df)  56.81^)«  (10  df)  16.87  (10  df) 


Table  B-3.  Continued. 


65 


I  I 

I  I 

I  I 

I  I 

in  I  -p  I 

I  I 

01  I  I 
I  ^  I 

I  I 

LID) 
I  I 

at  I  I 

I  "D  I 
>  I  I 
I  I 

o  i  <c  \ 

I  I 

U  I  I 
I  I 

0)  I  I 
I  1 


I  I  cn 

I  0)  )  c 

■4J  \  )  o 

I  )  —I 

U  I  L  I 

I  I 

01  I  I  -V 

I  D  I  0) 

LI  I  _J 
I  I 

•-  I  I  -V 

I  I  tn 

T)  I  IQ) 

I  0)  I  )- 

C  I  1 

I  I 

»-i  I  E  I 

I  I  U. 

I  I  z 

1  E  I 

I  I 

I  I 

I  l-H  I  Z 

I  I 


CO 


(sj  csj 

C\J  (SJ  »- 


<SJ 

III 

yK 

oOcO'3'iOoooc^^fSJfMf^r^ 

r^f0vj-rv.r'00*“t7'0^oc\i 


o  oo  ^3"  nO 

o  sD  oo  o 


in 


inr^N3“'^CM(\ic\i  ro 
cO'-oovoO'd-CT'  St- 


srcsjosrcNJ-^mst-rooO'f 


K> 

r" 


tn 


O  O  sD 


'f 

CNJ 


■  ro  CM  sO  o 


00 


r^vDP'.oOCTsrOOo'^  oo 
CNJinsfrosrinsDO^LncM 


vD  o  ro  sJ-  m 
sD  in  r--  m  >D  '- 


<r  00  o  r-. 
CM  ro  CM  sD  sr  sr  (M 


ooO'f  sfCMooinminr^r^socoo 

rO-^rO  CMsOCMsOsTsDr'^CMr^mrO 


OO  CO  oo  o  sD  sO  in 

vn  CT'  cf'  sr  sT 


r-v  in  cr  eo  00  o  sD 

*-  »-  (M  cr^  >o 


4- 

T) 

sO 


ro  sT  rO  o 
ro  CO  r-^ 

r-.  o  sr  CM 


ro  m  o 
ro  CM  CM 


ro—  (M— r^ror^ooro 


srro  inroroinsrroro  "O 

CM 

CMo  oinsrcMinmro  cm 


OCM  —OOdO'-O 
II  II  I  I  I  I  X 

X 

tT'CT'CMosrm  —  ct'ct'CMst 

rOin(MoOsr>£)<T'— cOeocT'  eo 


srcr*oOM5sr— crr>-v£>oro  ro 

—  CM  CM  —  —  rOsrCM—  ro 

CM 

O'— ooc^roinr^\OsDOsr 
inr-^r'^vDoOdsor'.  —  oOro 


4- 

X) 


sr 


CMCMrOsTOOrO  sT 
CT'CT'O—  CMCM'O  C3 


—  OCMrOinCMO  sO 


incM'Or-^cMinr'- 
cr*  cr  1-^  cr  ro 


00 


O'  CT'  oo  r-'.  ro 

ro  ro  sr  CM  m 

—  o  o  o  CM 


oCMr-'-inrooo  — 

ro  CM  —  CM  —  —  CM 


C7'C3cr«  «fincDLnsrsDso— srcMin 

oOCMoOororO'C'nsroom 
—  —  —  —  CMrOCM  — 


sr  CM  ro  o  ro  oO  <=5 
sr  C'J  00  cr  CM  r-"  sD 


CM  so  00  eO  'D  m 
sr  in  m  F"  sr  sr  m 


in— eoF-'-inoom  —  cjinsD— CM 
oOCOr-'-C^JO'CT'O'moOoOCMsDca 


I  X 

X 

O'lnoocF'oO'rsr  f-'- 

oOC'droinoOf'^CT'  so 


F-'-OsTsOCOF'^'OrO  — 

—  roc'd  sr— in  —  srm 


rO  —  CPin—  CM—  insD'OCM'O'D 
—  in 


CM 


in  CT'  r-" 


CM 


vTrocDcorO'f—  om 

CM 


in 


O' 


ocMr-^r-'-ooc7'Osrr''v'D— sT 
't-'XjroinrO'OsocDLn'Dinin 


mCD  —  —  OvOOOO 

vD  ro  F".  r".  r--  sr 


O'C  —  CMO'O'O'JD 
tOrOCMt'-STsDsOCM 


in  r-  sr 

—  ro 


cooooomoosro'sDincococD 
CMsrrosrsrsDso  —  eO'O'O'O 


srror^rotnsoroo 

O'  OO  OO  'O  F'-  'J-  sD 


'Cj'O'Osro'O'incM 

't'r-'00cr'F-'-of''.'0 


Q 


CT 

C 

o 


no 


4-* 

in 

QJ 


z 

e: 

z 


4- 

"O 

vD 


4- 

T3 

sr 

I'd 


CM 


4- 

"O 

sr 


4- 

Tt 

sT 


CO  CM  r'v 
CM  —  CM  sD 


o 


—  cr'in'Ovorooominr''.oino 
ror'.srcMsrsrsT'DCMO'D— o 


CD 

I  X 

X 

>£)—  rO  —  CT'sDF'^  ro 

vDO'r-'^o'in— —  — 


CT'CT'rOsrc^CMF''-  'ST 
CMtOCOroCvICJin  vO 


—  in  C3  vD 


—  OC3srvDOCMCM-r—  rOCdO' 

—  ro 


roocMin  —  in—  CD 
ro 


ro  C3  CM  CM  CJ 


romo  'jDsrF'^cDCMoOF-'.cDr'-O'eoca 

^Dsrco  rom  —  roc'dCT'tord— o^o'ro 


rocM'OLnsroomo 
in  'lTi  CM  —  sD  CM  Cd 
—  C'd  CM  —  —  —  — 


srcMF-'-ocMoroin 
roroinsD  cd  mm  — 


CM  sD  CM 

m  ro 


r'^oOC'dmCM—  soro—  orOsT 
CM'roOF'^srvDsrr-'-r-'-rocT'co 
—  —  —  —  CMCMsTsTsTFO  -  — 


—  O'soCMCMsrmo 
vD  CO  NO  —  —  vD  CM 
CM  Cd  C^J  CM  CM  —  CM 


mcoocDmc-'-r'-ro 
cOsroOror'^  —  czjst- 


fO 

Q) 

L 

05  a 

D 

OJ  o 

U  L 
C  CT 
0) 

L  L 
CU  05 
4-  QJ 
Qt  > 
L 

TD 
L  C 
O  05 

05 

H 


r-'- 


'f  co  m  m  sr  O) 

r—  sD  F''-  -A-*  'O 

^O'CT'CT'O— 'O'  O 

o  —  —  —  ■4-'CO—  4-> 


3 

I 

z 

■«;  1  I  I 

H 

z 

ixi  —  m  O' 
to  43  'O  vO 
<r  cr  o  O' 
to  —  —  — 

z 


0) 

GJ 

L 

05 

QJ 

U 

C 

01 

L 

Ql 


01 


0) 

LiJ  QJ 

ZD  m'DF''.eoo'o  —  cMiosrmL 

O'  I  s0N04DsD'or'>r''-r'-r''--r'-r'-  O) 

Qv  CT^  CT'  ^  C7^  O'  O'  O' 

3  - - 

u 

I  c 

—  QJ 


I—  sD 
Z  cr 
O  — 

LU 


CU 

4- 

Ql 

Dc; 


CM  sr 
sD  vO 
c  o  C' 


\D 

o 

cr 


c 

o 


CO  CD  CM  'T 
vo  I''-  F'^ 
O'  O'  O'  O' 


CT 

c  —  romf'-cT'— ro 

•^vD'0'04D'0r''-F''. 
O  O'  O'  O'  O'  O'  O'  C7' 
iri  —  —  —  —  —  —  — 
01 


05 

o 

0] 

QJ 

m  L 

F^  0) 
O' 

-  CD 

u 

c 

01 

l_ 

QJ 

4- 

01 

CkZ 


CM  sr  so  CO  CD  CM  sr  o) 

vO  sO  'O  vO  F^  !-'»  F'- 
-^CT'O'Cr'O'O'CF'O  o 

o  —  —  —  —  —  —  —  -H 


w  01 

CU 

0)  m  L 

I  I  I  I  I  1  I  I-'.  01 

c  o 

L  —  Ql 

o  u 

4-  C 

— romr^O'  —  ro  Ql 

— '  "O  'O  "O  '£>  'O  r^  F'-  L 

OlO'O'CF'O'CT'O'CT'  GJ 

O------  -  4- 

QJ 

Z  CkC 


Table  B“3.  Continued. 


66 


i  I 

I  I 

I  I 

I  t 

\  I 

i  I 

m  I  ^  I 

I  I 

01  I  I 

I  I 

««-  I  I 

I  I 

t.  I  D  I 

I  I 

Ot  I  I 

I  T)  I 

>  I  I 

I  I 

O  I  <  I 

J  1 

U  I  I 

I  I 

Qi  I  I 

I  I 


I  I 

t  01  I 

-P  I  I 

I  I 

U  I  t-  I 

I  I 

01  I  I 

I  D  I 
L.  I  i 

I  t 

I  I 

I  I 

T)  I  I 

i  ID  I 

C  I  I 

I  I 

>-t  I  E  I 

I  I 

I  I 

I  E  I 
I  I 

I  I 

I  t-i  I 
I  1 


r*- 

.  H- 

o  “D 

I 

o 

-f’  •- 

I  ^ 

5K 

ctn  ^  o 

O'  sT 


—  CO  o  CO 


O ITI  -4-  CM 


CM  —  —  —  13 

II  II 

CM 

<1-  ^c^  IT)  CM  — 


•-  o  — 
I  I 

M-  M-  — 


*0  o  o 

—  C7S  ir> 


o  (M 

I  I 

so  — 


o  o  o  o 

I  ^ 

>IC 

in  IT)  CT' CM  fO  — 

vs-  —  m  CO  m  ir> 


—  —  O  CM 

III  I  x 

SK 

CM  00  o  CT' csi  m 

r^rOCMCMCT'—  CM  O' 


o  o  o  CM 

II  I  I 

inCM>0'J‘CT'r^K>CT'sO 

rOOfOsOCMfOtT'CMCT' 


»a-  —  —  CM  CM 
CM  K) 


CO  C3  m  —  —  O  CO 
—  CM  —  CM 


M- —  M"  CM  so  sr  CO  — 
CM  CM  —  —  C^ 


—  iTicoijnunsj-eocosr 

rO  CM  —  CM 


—  MD  ro  \0  sO 
sO  CM  rO  —  ro 


CM  ex'  —  CO  to  K) 
—  C7'  in  O'  iTi  K) 


inst'toinsS'CT'  — 
CO  —  Sf  CT'  O  CO  >o 
to  ro  —  — 


incMmcT'r^r^socMO' 

r^sfCM  —  C?C^•CM^OO 


m  sO  00  M5  CO  O' 
—  to  CM  vO  S^ 
—  CM  CM  — 


o  m  o  —  O'  o»  ^ 
sO  O'  CT'  CM  CO  CT*  00 
CM  sr  s^  CM  — 


s3-  CM  to  >£)  —  —  CO 
•x>  o  C7'  CO  in¬ 
to  m  m  to  CM  CM  CM 


OCO—  OtO—  O'COO' 
.J-CJ'^OM^e0CMC7's^*CM 


s- 

•D 


CM 


to  CM  sj"  t'.  m  o 
CM  O'  to  —  CO  C7' m 


M- 

*D 

CM 


mv^-CM  —  m  —  M3 

. M- 

ooooooo  "0 
I  I  I 

M- 

O'tOCO^CM—  O'  — 


oc0l^lr^o'^c^ln  — 

too  —  —  OCM  —  —  — 

toomoeocMininto 


co  CM  o  eo  o  in 
C7'  S^-  CM  M3  to  to  Ct^ 


{M—  —  —  CMCM  — 

1  I  I  I  1  I  I  X 
iK 

to  sD  s£>  sD  CM  sO  sj-  tO 
—  CM  —  in  o  CM  — 


000—00  —  —  — 
I  I  I  I  i  I  1  I  I 

cMincMr^  —  in— M3CM 

^DlnMDrOC0c^CM^3■un 


o  o  in 


o  o 


si-  o  in  — 


CM 


o  in  —  CM  in  CM  sj- 
—  —  to-  CM  —  —  CM 


or^— M3cr'— OCMM3 

to  —  CMCM—  CMtONtf-in 


r'-O'r'-CMto—  com  —  sootoro 

in  sD  —  to  s^  CM  in  CM  00  o  si- in 


osd-otoincMsi- 
so  CM  o*  —  —  cis 
CM  —  —  — 


—  otocM  —  si-scoas 

—  r^CMtor'-toin— O' 


to  00  O'  o  in  o 
o  oo  to  cys  in 
—  —  CM 


to  —  o  co  m  in  CT' 
CM  in  r--  F".  O'  CM  r-" 
—  Csl  CM  —  — 


—  in  in  CM  o  si-  in 
o  o  o  rj  —  o  <i- 

—  sr  si-  CM  CM  —  — 


ooooo'r^O'0^o^D^^ 
CM— tosoeor'-insTin 
—  —  —  —  —  —  CMtOCM 


i/i  I 
Q>  I 

C-  I 
01  I 
>  I 
O  I 
U  I 
01  I 


U  I 

(U  I 
1-  I 

O  I 


CT 

c 

o 


01 


D  I 
I 
I 

TJ  I 
1 
I 

C  1 


4J 

U1 

01 


z 

:e. 

z 


CO  CM  in 

«-  •-  o 

I  I  I 

OO  M3 


*4- 

T3 

si- 


CM  -O 


sO 

n-  — 


s£ 

I 

sO 


CM 


O  —  O  —  —  CM 

to  CM  00  r-^  C3  — 


—  o  o 

X 

X. 

tOsi-eo  —  toor-s-sD 
tor-scototoino- 


I 

o'lntocMsDCM— cysf-- 
sOCysrOCTsooinr^  — 


eOsi-oeor-stoinincM 

osp-.  —  soootooor-s 


to  si-  CM  o 


Ci-—  CMCMOCMinsi- 
CM  —  —  so 


o  —  toincTsoofooto 

si- 


Osi-si-si-oCMs/)CMin 


toinoomooo  in- si-oOsDtocMsi- 

sosocp-in— si-  eo  —  —  ossOsi-to 


mo'CT'osi-r-'vCMsi- 

nr-'-sTr-r^oOr'-r- 

CM  CM  — 


tOtOsDCMoO«tOsOCJ 
oincMOsinoo  —  O' 
—  —  CM  —  — 


O'  O'  —  sn  in  sc 

—  CM  sD  00  m  in 


OOM3  00  00CMr'-CT'  — 
—  si-  —  otOsi-oOsO 
—  CM  CM  CM  — 


sOotOsjO'OCT'r'v  — 
m  —  r-'CMtOCMCMCJ' 
—  to  CM  CM  —  CM  CM 


si-nstor^oeoCTsinsi- 

sOsOtOtOtOCOsOs^f". 


M- 

x> 


si-  in  — ' 

H-  •  .  M- 

TD  o  0*0 


CM 


si- 


MD 


—  O  O  CM  CM  CM 

—  in  r-'  r--  in  —  r-s 


I  >K 

X 

inr''Cy'C7'sj3r''CMin  snincy'r-.eO'Dsi)Osso 

>i-  —  coeo  —  'Otoin  Lninososi-cMsxscMoo 


otOsi-or-sOsnCMsi- 

tOCMocOsi-sjOsooeo 


si-  o  CM  —  CM 


si-inor^si-  —  cMvo 
CM 


o  o  s^  in  to 


sD 


in 

si- 


sOCMtOOsi)sD—  too 


si-  OO  o  M3  si-  CM 

r-v  cjs  to  in  sr  si- 


in  60  eo 

r-s  <3 


CM  si- 

to  o 


r  j  CP 
r-.  m3 


CTs 

to 


toeOcztsD  —  op-r-'. 
MD  —  M3CMP^  —  CMtO 
to  CM  —  —  CM  CM  — 


P'CMsi-CMCM—  OSsjDsO 
tOooct'tOsncT'si-ps.o 

—  —  —  CM—  (MCMCMtO 


P-  si-  CM  sjO  O  O' 
O'  sj-  —  CO  CP 

—  CM  — 


oeoineO'OCPsiDin 
—  CsltO—  CMO  —  oO 
—  CM  CM  CM  —  — 


OsDCMsDCPinoCP 
OOOOCvJtOsOsO 
—  insJ-CMCMtOtO  — 


eoco— inocpps-oo 
intososi-'i-cpo  —  o 
—  —  —  CM—  CMtOtOsi- 


CB 

QJ 

Iw 

rti  a 

D 

Q}  O 
O  I- 
c  cr 
01 

L.  l_ 
01  ftl 
OJ 

01  > 
u 

■O 

c-  c 

O  (V 


to 


CM  si-  '£>  eo  CD  in  rs 

•^sDsJDM3M3P'P--4J 
—  O'  O'  O'  O'  CP  O'  o 


CM'i-'oeoocM'i- 

'43  sO  P-*  r-*-  p-' 


m 

o 


'-'CM'i-'OeOCDCM'i- 
sO  '43  vO  P''  P^  P'v 
CCPCPO'CPO'O'CP 


fs 

■4J 

O 


c 

m  I  i 


fB 

CU 

L. 

m 


E  - 

sD 
01  CP 


to  in 

O  sO 
CP  CP 


O'  — 
md  p^ 
O'  CP 


c  01 

t-t  CkC 


CM 


m  I  I  I  I  I  I  I 


C0 

a.  —  toinp'.cp  —  to 
'43  »£>  'O  'n  “n  p'-  p' 
X  O'  CP  CP  CP  O'  CP  CP 


m 

01 

in  i~ 

P-H  (TJ 
CP 

—  Gl 

U 

c 

GJ 

L. 

Q 

H- 


X 


IZ 


in 

ro 

ca 

in 

•  I  I  I  I  I  I  I  p' 
on  O' 


D— toinp'-o'— to 

0'Ds43sD'Os4DP-»P'. 

incpcpcpcpcpcpcp 


CB 

01 

L 

(B 

01 

o 

c 

01 


01 

Cd 


SJ- 


—  CMtO'i-insop-'OOCP 
tn  s43  sD  sO  sO  sO  >43  sO  sD 
QJ  O'  CP  O'  CP  O'  O'  CP  O'  CP 
J*:  —  —  —  —  —  —  —  —  — 
rB 


CB 

01 


C5 


Table  B-3.  Continued. 


67 


1 

1 

1 

CP  1 

in  K) 

1 

1 

1 

C  1 

M- 

M- 

M- 

M-  1 

1 

1 

O  1 

^  ^  w- 

T) 

-0 

X 

X  1 

1 

1 

1 

1 

1 

1  1  1 

M3 

CM 

o 

1 

00  1 

c 

1 

1 

1 

nS-  nJ- 

CM 

CM  1 

2 

1 

1 

1 

■V  1 

w 

o 

1 

1 

ru  1 

o  rO 

1 

JZ 

1  OJ 

1 

1 

— i  1 

1  1  1 

yK 

X  1 

in 

1 

1 

1 

* 

X  1 

1 

1 

1 

■+>  1 

^  CM  Cr- 

CP 

hO  CP  M3  m  CM  ro 

OO 

CP  C'  CP  rO  o 

o 

'3-  1 

-p 

» 

1 

U1  1 

00  o  »- 

OO 

CM  P^  in  '3'  ro 

'd- 

^  CP  in  m  M" 

r'o 

fO  1 

o 

1  t. 

i 

D 

1 

0)  1 

c 

1 

1 

h-  1 

CM  CM  CM  m 

sj- 

CD  CM  m  *“  CD 

O  *-  P"  o 

w- 

00  1 

1  01 

1 

1 

1 

<-  ^  CM 

OO 

J 

01  c 

i 

U 

1 

1 

ro  1 

1-  ni 

1  > 

1 

1 

1 

1 

m  01 

t 

1 

UL  1 

*3-  CO  CT'  O  C7^ 

p%  rO  rO  CM  CP  O  in 

-<r  p^  CM  o  •-  CP  in 

1 

E 

1  o 

1 

< 

1 

z:  1 

CO  in 

CM  CP  ^3•  CM  in 

CM  ro  ro  ro  ro 

1 

in 

i 

1 

1 

•- 

1 

-p 

1  u 

1 

1 

1 

1 

1 

z:  1 

o  o 

O  CM  MD  M3  in  CM 

n*  P^  cO  CP  rO  vj- 

1 

1 

GS 
0  1 

1  OJ 

t 

1 

•Z.  1 

iTt  CD  oo  'T 

M3  OO  rO  M3  m  O  CM 

CM  CM  CM  ro  ^3■  ro 

1 

h-  • 

1 

1 

1 

1 

o 

1  Lw 

J 

1 

1 

V 

1 

1 

1 

X  X 

1 

1 

1 

01  X 

} 

1 

cr  1 

m 

CP  in 

OO  ro  in  p'v 

X 

1 

OJ 

1 

C  1 

»+- 

M- 

M~ 

*+-  1 

D 

t  -V 

1 

1 

O  1 

CM  CM  O  CM 

T) 

»-  ro  in 

X 

rO  ro  ro  ro 

X 

X  1 

*-H  T) 

} 

1 

_ 1  1 

1 

O  01 

1  U 

t 

1 

1 

CO 

nT 

'3- 

CM  1 

C  -P 

1 

1 

1 

r>.  CM  C3  »-  00 

CM 

O  CP 

•- 

m  m  p^  p^ 

ro  1 

■-  fd 

1  Oi 

J 

1 

-*j  1 

w 

u 

i 

D 

1 

ru  1 

C3  C3  CM  fO  O 

•»-  o  o 

o  »-  o  o 

1 

in 

1  L. 

i 

1 

— J  1 

1  1  1  1  1 

1  1 

X 

1111 

X 

X  1 

C  X 

1 

1 

1 

>K 

X 

X 

X  1 

o  c 

1 

1 

4-^ 

1 

-M  1 

eo  CO  'J-  CM 

o 

ro  oO  M3  PO 

CP 

co  m  co  oo  00  CM  p'. 

M3 

in  1 

in 

1 

1 

in  1 

CM  •»J3 

00 

r'v  CD  p«.  M3  ro  CD 

CM 

<r  CP  CD  P^  CP  M3  CD 

CP 

CD  ! 

1  T) 

1 

1 

01  1 

I-  -v 

1 

ni 

i 

J—  1 

C3  rO  rj  fO  rO 

CP 

1^  M3  sD  m  CP  'J'  CM 

CM 

to  00  '3'  rO  CM  CP  ro 

CD 

in  1 

fD  O 

1  C 

1 

1 

1 

CM  »-  CM 

p'. 

CM 

T-  CM 

00 

CD  1 

a  c 

1 

1 

1 

pO 

P'-  1 

E 

1 

1 

1 

E 

1 

1 

1 

1 

CT'  CT«  —  CO 

in  sp  in  m  '3-  --  in 

OO  OO  rO  M3  CP  m  OO 

1 

1 

0  in 

U  O 

1 

1 

Z  1 

CM  O  M3 

^  CP  M3  CD  sO  -sO  ro 

in  OO  C3  —  M3  ro  CM 

1 

1 

E 

1 

1 

1 

4-  CD 

1 

1 

1 

1 

O  V 

( 

1 

z:  1 

CM  sO  OO  o 

ro  P'.  oO  ro  ■»“  CD  ^3- 

o  r''  o  ro  CP  m  CD 

1 

t 

♦-H 

1 

Z  1 

sj-  oo  m  cj 

O  CD  CP  M3  O  fO 

p.  --  CM  sT  OO  in  ro 

1 

c_ 

0)  .. 

XI  in 

1 

1 

1 

1 

E  ^ 

1 

1 

1 

1 

D  01 

c  > 

1 

cr  1 

oO  o 

01 

1 

C  1 

4- 

4- 

4-  1 

Qi  -4 

1 

O  1 

CM  CM  ^ 

T) 

T> 

X 

X  1 

X 

1 

1  1  1 

1 

-P  01 

1 

1 

o 

M3 

CM 

00  1 

u 

1 

1 

C3  CM  O 

ro 

CM  1 

01  c 

1 

1 

w 

w 

w 

w  1 

O  fO 

1  1/1 

1 

m  1 

—  O  CM 

1 

.r-  □ 

1 

1 

1  1  1 

X  1 

3 

1  OJ 

r-i 

1 

1 

X  1 

-P  4- 

1 

■+>  1 

vj"  O 

p^ 

M3ropjr'-<r'3“roo 

CP 

PO  00  00  in  p^  in 

M3 

00  J 

1  ■  — 

1 

1/1  1 

oO  r'-  CJ  o  CM  CM 

cDrocpoo<r*"CPCPin 

p'.  MD  P'-  «cr  CM  00 

p'v 

t 

II  c 

3 

1 

01  1 

O'. 

1  L. 

1 

H-  1 

sT  CO  »“  00  CM  OO 

00’“Or'vrO'"POcD 

p'- 

CD  eO  CM  —  CD 

m 

CM  1 

4- 

1 

1 

CP 

CM 

*— 

M3  1 

X  lO  • 

1  q; 

T) 

1 

1 

»-  1 

•- 

1 

1 

° 

1 

JZ  X 

1  > 

1 

U_  1 

in  eo  c>  — 

vTrOCPCD-^oOrOCP 

<rCMOOOCMrOsTP'. 

1 

>P  •  X 

<C 

1 

Z  1 

—  M3  O'  00  'O  C3 

rOM3CPinrOi''.N3-rO 

CMrONj-'J-'J-CMCM'- 

1 

in  ► 

1  o 

1 

1 

1 

3  0) 

1 

1 

1 

•r-  4- 

1  o 

t 

ZI  1 

C3  rO  00  fO 

s3'otnoocDi''-'-o 

eocPinN^-CMoooocp 

1 

L.  O 

i 

z  t 

M3  <1"  CI>  M3  P'-  M3 

(M'£3Ln>r'3"ONrro 

CM  »-  CM  ro  ro  ro  Cd 

1 

X  01 

1  01 

1 

t 

1 

>  X 

I 

1 

mom 

1  L. 

» 

1 

m  o  01 

1 

1 

Qi  -P» 

1 

1 

>  L  m 

O'  1 

00 

r-N 

CM 

— <  c 

0/ 

C  1 

H- 

s- 

H-  1 

cu  ^ 

0  1 

o 

XI 

CD 

X 

X 

X  1 

-P  U- 

1 

1 

ni  z  X 

L. 

1 

CD 

M3 

o 

CM  1 

E  ^  QI 

1  -V 

1 

K3 

PO 

M3 

— 

ro  1 

OJ 

1 

w 

w 

w 

X  QI  ru 

1  U 

D 

m  1 

o 

1 

O  -H  — 1 

1 

)»c 

X 

X  1 

L.  m  o 

1  (U 

1 

X 

X  1 

a  E  X 

-*j  1 

CP  SD  'T  C3  *- 

CD 

CMror^  —  rOsTP-CPMD 

CPrOCDp^(MPO-“OOro 

p'*  1 

a  0)  ru 

1  1- 

IP  1 

in  CD  CM  M3  po  m 

OOCDCMCOmMD'-OO 

cpcMincpcDtp'-cDoo 

p'.  1 

ru  4-  -P 

01  1 

1  •»- 

(D 

H-  1 

—  M3  CD  CD  C3 

oor''f^CM»“rO'-'- 

V3- 

rOO«“CM»"oCMO 

CM 

CM  1 

X  1-  01 

1 

in 

MT 

— 

CP  J 

01  O  p 

1  o 

E 

1 

1 

LL.  1 

CP  CM  CP  CD  nj- 

cMoommcpcocM'^ 

sJ-CMCMCMOOCPp^s^- 

1 

1 

1 

X  ro 

D 

X  n  in 

Z  t 

Tl  <r  M3  p'.  p'.  M3  sC3 

—  C'J  —  '-Ov3-CDin 

CPNj-OMDtooOeOM3 

1 

•-  2:  01 

E 

J 

01  CM  —  CM  CM  CJ 

^  ^  (\I  —  ^  ^ 

—  CM  —  — 

1 

^  o 

t 

D 

1 

-P  c 

zr  1 

c  rO  p'.  vj-  P'-  CP  M3 

cponD-oO"^  cDCDrO 

f''»LnroM3incP'  —  — 

1 

m  01  01 

n 

Z  1 

—  sT  CM  —  P^  CP 

—  incOMS'J'CPCMP'" 

CPin'J-r'^M'OO'J’MD 

1 

4  L. 

1 

•V  pO  »-  CM  pO  CJ  CM 

^  ^  ^  ^  — 

«-  CM  —  ^  •“ 

1 

X  ru  01 

1 

c 

1 

E  4- 

1 

o 

1 

m  4- 

\ 

C-) 

1 

>»-  CD  •>“ 

0) 

1 

♦-H 

M3 

1 

CM  X 

01 

1 

f 

fr 

CM  sS-  M3  eo  CD  CM  <r 

fU 

’-CM'3'M30OCDC\l'r 

1 

u 

u 

1 

t 

-4-> 

M3  M>  M3  M3  P^  P'-  P^ 

'-'M3M3M3MDP'.r'»r'^ 

-M 

1 

•-  V  0) 

fD 

a  1 

o 

CP  CP  CP  O'  CP  CT'  CP 

o 

O'  CP  ^  O'  CT'  CP  O' 

o 

•— <  1 

■p  X 

D  1 

-4-' 

m 

-v 

rti  1 

m  in  D 

0) 

O  1 

0) 

-V  1 

QJ  ^ 

u 

L.  1 

ro 

m 

-u 

ft! 

O  1 

X  tg.- 

c 

fj  1 

QI 

01 

ro 

QI 

-v  1 

fu  cr 

Qi 

1 

O  CM  pO  vT  m 

l_ 

u 

in 

l_ 

-M  in 

1- 

1 

X  m  c 

L. 

L.  1 

iri  pv.  p..  p^  P-.  p^  p^ 

ro 

1  1  1  1  1  1  1  I''. 

nj 

cn  1  1  1  1  t  1  1  r" 

nj 

1 

m  o 

CD 

rt)  1 

CJ  CP  CP  CP  CT«  CP  CP 

CP 

CP 

ro  1 

01  X 

M- 

01  1 

.itC 

cu 

c 

01 

X  — 

at 

-p  1 

X  X  1 

01 

>  1 

CO 

u 

ro 

CJ 

Cl 

u 

C  ( 

in  a  QI 

L. 

1 

-J 

c 

c 

c 

QI  1 

0)  E  "O 

T)  1 

QI 

»“  rO  in  p'-  C'  rO 

QI 

•  .-•^rOinr''.CP'»-rO 

ai 

C  1 

x*  ru  D 

L. 

C  t 

L 

c 

M3  M3  MD  M3  M3  P'. 

1. 

C'£3M3M3'£3'OP''P^ 

L. 

>•-  1 

m  X 

O 

m  1 

CO 

Cl 

1 

CT^  O'*- 

u 

ZIC'O'O'O'O'CPCT' 

01 

-M  1 

QJ 

ot 

M- 

T) 

^  ^  ^  m-  ^  ^ 

M- 

^  ^  ^  ^  ^  ^ 

s- 

C  1 

X  1--P 

ro 

1 

L 

01 

.r- 

o 

LU 

0) 

O  1 

X  o  ru 

z: 

1 

o 

CkC 

j: 

or 

z 

CXT 

O  1 

CO  4-x 

Table  B“4,  Results  of  testing  the  hypothesis  that  direct  and  indirect  recovery  distributions  of  mallards  are  similar. 
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Table  B-6 .  Results  of  testing  the  hypothesis  that  direct  recovery  distributions  of  mallards  are  similar  during  consecutive 
years  or  groups  of  years. 
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Table  B-7 .  Results  of  testing  the  hypothesis  that  mallards  banded  during  consecutive  years  or  groups  of  years  have  similar 
indirect  recovery  distributions. 
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Appendix  C 

Inferences  Regarding  Variation  in  Recovery  Dates 


Recovery  dates  were  shown  to  vary  with  time  since  band¬ 
ing.  Such  variation  might  indicate  that  survival  or  recovery 
rates,  or  both,  change  as  a  function  of  number  of  years  after 
banding.  If  such  variation  exists,  then  it  reflects  an  impor¬ 
tant  deviation  from  assumptions  of  models  generally  used 
to  estimate  migratory  bird  survival  and  recovery  rates.  Here 
we  examine  the  effects  of  such  variation  on  estimates  of  sur¬ 
vival  and  recovery  rates  obtained  under  the  Seber-Robson- 
Youngs  model  (Model  1  of  Brownie  et  al.  1978). 

For  a  3-year  banding  experiment,  the  structure  of  the 
band  recovery  matrix  under  Model  1  is 


M 1 1  nrt 

Expected  number  recovered 
by  year 

1  K^iXL 

banded 

IN  Hill  Llt^l 

banded 

1 

2 

3 

1 

JVi 

NJi 

NiSJ, 

2 

N2 

N2S.J3 

3 

N, 

where  Ni  denotes  the  number  of  birds  banded  in  year  i,  and 
Sf  and/,-  are  the  survival  and  recovery  rates  for  year  i.  Under 
this  model,  recovery  and  survival  rates  are  specific  only  to 
calendar  year  of  recovery. 

One  way  to  specify  the  structure  of  the  recovery  matrix 
under  an  alternative  model  is 

Year  Number  number  recovered  by  year 

banded  banded  1 _ 2 _ 3 _ 

1  N,  NM)  iVi(ZPiSi)(a2/2)iVi(^iSi)(M2)(%® 

2  iV2  N,ib,S,){aJ,) 

where  aj  specifies  a  change  in  recovery  rate  associated  with 
the  ;th  year  after  banding,  and  specifies  a  change  in  sur¬ 
vival  probability.  For  example,  the  recovery  rate  for  birds 
banded  in  year  1  and  recovered  in  year  2  (^2/2)  is  not  nec¬ 
essarily  the  same  as  that  for  birds  banded  and  recovered 
in  year  2  (01/2). 

In  the  following  results  it  was  convenient  to  let  the  sur¬ 
vival  (bj)  and  recovery  rate  coefficients  (aj)  take  initial  values 
of  1.0  and  then  increase  or  decrease  annually  by  a  constant 
amount,  A.  For  example, 

Aa  =  0.0  implies  ai  =  1.0,  02  =  1.0,  .  .  .  a-j  ^  1.0; 

Aa  =  0.1  implies  Gi  =  1.0,  ^2  =  l  •  •  •  ^7  =  1.6; 

Aa  =  -0.1  implies  =  1.0,  02  =  0.9,  ...  07  =  0.4. 

Thus,  if  all  /,-  and  remain  constant  (i.e., /■  =  /*,  S,-  =  S* 

for  all  i),  positive  values  of  A  correspond  to  rates  that 


increase  with  number  of  years  after  banding,  whereas  nega¬ 
tive  values  correspond  to  decreasing  rates. 

The  objective  of  this  work  was  to  estimate  or  approxi¬ 
mate  the  bias  in  estimates  of  S  and  /  (obtained  assuming 
Model  1)  if  survival  or  reeovery  probabilities,  or  both, 
increase  or  decrease  with  time  since  banding.  Two  methods 
were  used  to  examine  bias.  The  first  method  involved  use 
of  a  computer  simulation  model  in  which  recovery  matrices 
were  generated  from  a  multinomial  distribution  with  cell 
probabilities  defined  by/,-,  S^,  and bj.  Model  1  estimates 
were  computed  for  each  of  a  number  (e.g.,  200)  of  recovery 
matrices  generated  using  the  same  parameter  values.  Mean 
squared  error  and  sample  variance  were  then  computed  for 
each  S,  and  fi  from  the  200  iterations,  and  squared  bias  was 
estimated  as  the  difference  between  these  two  values.  Monte 
Carlo  simulations  were  also  used  to  examine  coverage  of 
the  estimated  confidence  intervals  and  power  of  the 
Model  1  goodness-of-fit  test  of  Brownie  et  al.  (1978). 

Confidence  intervals  were  estimated  from  parameter  and 
variance  estimates  for  each  iteration,  and  the  proportion 
of  iterations  in  which  these  intervals  covered  the  true 
parameter  was  recorded.  A  goodness-of-fit  test  statistie  was 
also  computed  based  on  the  data  and  parameter  estimates 
of  each  iteration,  and  the  proportion  of  iterations  in  which 
Model  1  was  rejected  (P  <  0.05)  was  recorded.  The  other 
approach  was  to  approximate  bias  by  computing  the  first 
term  in  Taylor  series  expansions  of  the  estimators  of  S^and 
/i  (Brownie  et  al.  1978:16)  about  the  expected  values  of 
Ci,  and  Ti  (the  row,  column,  and  block  totals  of  the  recovery 
matrix,  Brownie  et  al.  1978).  The  difference  between  this 
approximation  to  the  expected  value  of  the  estimator  and 
the  true  parameter  value  represented  an  approximation  of 
the  bias.  Monte  Carlo  simulations  suggested  this  approxi¬ 
mation  was  good,  because  the  higher  order  terms  in  the 
Taylor  series  expansion  apparently  were  not  large  for  the 
situations  examined. 

Both  methods  of  investigating  bias  naturally  require 
knowledge  of  the  “true”  value  of  the  parameter  being  esti¬ 
mated,  which  was  not  entirely  obvious.  For  example,  there 
are  two  recovery  rates  for  year  2.  Birds  banded  in  year  1 
are  recovered  with  probability  02/2,  whereas  birds  banded 
in  year  2  are  recovered  with  probability  aj2-  C)ne 
approach  is  to  simply  take  the  arithmetie  mean  of  the  re¬ 
covery  (or  survival)  rates  for  a  given  calendar  year.  Another 
approach  is  to  obtain  a  mean  of  rates  weighted  by  the  num¬ 
ber  of  birds  expected  to  be  alive  at  the  beginning  of  the 
interval  for  which  the  rates  are  expected  to  pertain.  A  gen¬ 
eral  equation  for  the  weighted  average  recovery  rate  is: 


83 


1  = 


A  < 

E 

i=  1 

/ 

V 

"I  if  X  <  r 

or 

x-I 

n  Sj 

i  =  i 

-I  if  X  <  r 

or 

x-i 

n  bj 

.  /=!  - 

( 

■“1  if  X  <  i~ 

“I  if  X  <  z " 

or 

or 

X  ^ 

1 

x-I 

x-i 

L 

V 

n  Sj 

n  b^ 

i=\ 

L  /  =  1  J 

-  /  =  i  J 

A  similar  expression  for  S,.  is  obtained  by  substituting 
[Sj  + 1]  Ux  ^x-i+ 1]  numerator. 

Both  methods  of  approximating  bias  are  quite  flexible 
and  could  have  been  used  to  examine  a  wide  variety  of  situa¬ 
tions.  However,  it  seemed  appropriate  to  standardize  as 
many  variables  as  possible  for  comparative  purposes.  Unless 
otherwise  specified,  all  runs  used  7  years  of  banding  with 
all  Ni  =  1,000,  Si  =  0.60,  and/,-  -  0. 10  (i  -  1,  2,  .  .  .  7). 
Taylor  series  approximations  were  used,  except  where 
noted.  Both  methods  of  computing  "‘true”  parameters  were 
used.  In  some  instances  the  true  values  were  not  ambiguous 
(e.g.,  when  all  A  =  0).  Both  approaches  showed  the  same 
direction  of  bias,  but  the  bias  using  weighted  mean  true 
values  was  usually  smaller.  We  have  condensed  the  presen¬ 
tation  of  results  by  including  only  weighted  mean  true 
values. 


Effects  of  Recovery  Rate  Variation  (Afl=i=0) 

Whereas  the  expected  value  of  /,■  (denoted  £(/,-)) 
remained  unchanged  for  Afl  0  in  each  of  7  years,  the  true 
recovery  rate  (/,-)  after  year  1  deviated  further  from  £(/,) 
each  year  in  accordance  with  the  sign  and  magnitude  of 
Aa  (Fig.  C-1).  The  increment  of  deviation,  however, 
decreased  annually  after  year  2.  Confidence  interval  cover¬ 
age  of/,' when  Aa  >  0  is  shown  in  Fig.  C-2,  where  each  point 
represents  results  of  200  iterations  with  the  simulation 
model.  When  Aa  >  0,  /,-  fell  outside  of  the  confidence 
interval  of /^  more  frequently  with  the  passage  of  time.  A  plot 
of  Aa  <0  (not  shown)  gave  nearly  identical  results. 

Taylor  series  approximations  of  the  effect  of  Aa=t=0  on 
survival  rate  estimates  (Fig.  C-3)  indicated  S,  was  biased 
for  all  years  in  accordance  with  the  sign  and  magnitude 
of  Aa.  Confidence  interval  coverage  of  the  true  survival  rate 
(SJ  when  Aa  >  0  (Fig.  C-4)  indicated  that,  for  most  values 
of  Aa,  Si  fell  within  the  95%  confidence  interval  of  S,  ap¬ 
proximately  85-95%  of  the  time. 

The  ability  of  the  goodness-of-fit  test  to  reject  the  hy¬ 
pothesis  that  the  data  fit  Model  1  when  Aa4=0  is  shown  in 


Fig.  C-5  (dashed  line).  The  power  is  estimated  as  the 
proportion  of  the  200  Monte  Carlo  iterations  in  which 
Model  1  was  rejected  at  the  95%  confidence  level.  For  all 
values  of  Aa,  the  goodness-of-fit  test  accepted  the  hypothe.sis 
that  the  data  fitted  Model  1  approximately  95  %  of  the  time. 
Variation  in  recovery  rates  was  thus  virtually  undetectable 
in  the  situations  examined. 


Effects  of  Survival  Rate  Variation  (Afo=t=0) 

When  we  examined  A/?  +  0,  £(/,-)  deviated  from  /  in  all 
but  the  first  and  last  years  (Fig.  C-6).  The  deviation  was 
symmetrical  among  years  and  greate.st  in  the  middle  year 
of  the  series.  The  sign  of  the  bias  was  opposite  the  sign  of 
Ab  and  varied  with  the  magnitude  of  Ab.  Confidence 
interval  coverage  of/,-  when  Ab  >  0  (Fig.  C-7)  was  poore.st 
for  the  middle  years  of  the  series  and  for  the  higher  values 
of  Ab. 

Figures  C-8  and  C-9  compare  £(S,-)  and  when  Ab  ^  0. 
The  bias  of  S,-  was  of  the  same  sign  as  Ab,  greatest  in  the 
initial  estimate,  decreased  through  the  years,  but  reversed 
itself  near  the  end  of  the  series.  The  pattern  remained  much 
the  same  with  6  additional  years  of  banding  (Fig.  C-10). 
Confidence  interval  coverage  of  S,  when  A/?  >  0  (Fig.  C-11) 
was  poorest  in  the  initial  year  of  estimation  and  improved 
annually  except  for  the  last  year  of  the  series. 

Power  of  the  Model  1  goodness-of-fit  test  when  A/j>=t={) 
(solid  line  in  Fig.  C-5)  was  considerably  >0.05  for  large 
Ab.  The  power  curve  was  asymmetric  with  greater  power 
for  Ab  >  0.  Thus,  unlike  variations  in  recovery  rate,  sur¬ 
vival  rates  with  appreciable  variation  appeared  likely  to 
result  in  rejection  of  Model  1. 

In  summary,  if  survival  rates  appreciably  varied  as  a 
function  of  years  after  banding,  rejection  of  Model  1  is 
likely.  Although  rejection  is  unlikely  for  an  appreciable 
variation  of  recovery  rates,  it  is  difficult  to  hypothesize  a 
specific  directional  effect  of  a  relationship  between  reeovery 
dates  and  recovery  rates.  For  example,  early  recovery  dates 
might  relate  to  greater  vulnerability  to  hunting,  hence 
higher  observed  recovery  rates.  Conversely,  assuming  a  rela¬ 
tionship  between  recovery  date  and  geographic  area,  early 
recovery  dates  might  relate  to  recovery  in  an  area  of  lower 
reporting  rates  (nearer  the  banding  site),  hence  lower  ob¬ 
served  recovery  rates.  If  both  of  the  above  hypothe.ses  are 
correet,  the  biases  would  be  offsetting.  Also,  we  believe  that 
the  ratio  of  recovery  rate  bias  to  .standard  error  would  be 
very  low.  In  other  words,  if  a  bias  exists  we  expect  it  to 
be  of  little  importance  compared  to  .sampling  variation. 
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Fig,  C-2.  Confidence  interval  coverage  of  the  true  recovery  rate  (/;)  for  selected  Ag. 


Fig.  C-3.  £(S,)  and  true  S,-  for  selected  Aa. 


Fig.  C-5.  Power  of  the  good  ness- of- fit  test  as  a  function  of  Aa,  Ab. 


Fig.  C-6.  E{fi)  and  true/,-  for  selected  Ah. 
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Fig.  C-10.  £(S;)  and  true  S,  for  Afe  =  +  0.05  (12  years). 
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Fig.  C-11.  Confidence  interval  coverage  of  the  true  survival  rate  (S^)  for  selected  Ah. 
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Appendix  D 

Derivation  of  the  Total  Mallard  Harvest  from  Major  Reference  Areas 


Harvest  derivation  for  each  of  35  selected  areas  is 
presented  in  this  Appendix  with  two  adjoining  figures  — 
one  odd-numbered  and  one  even-numbered.  Only  the  areas 
that  accounted  for  0.5%  or  more  of  the  “total”  mallard  har¬ 
vest  (see  Table  23)  are  illustrated.  Harvest  estimates  (in  per¬ 
cent)  for  all  figures  (D-1  to  D-70)  were  based  on  direct  and 
indirect  recoveries  of  all  age  and  sex  classes  (except  locals) 
that  were  each  adjusted  for  band  reporting  rate  and  popu¬ 
lation  weighted. 

Percent  derivation  of  the  “total”  mallard  harvest  in  a 
given  area  from  major  breeding  areas  is  shown  in  odd-num¬ 
bered  figures,  and  mallard  harvest  derivation  similarity 
indices  are  shown  in  even-numbered  figures.  Computation 


of  these  similarity  indices  is  described  in  detail  under 
Methods.  The  indices  were  based  on  data  in  Table  23. 
Values  range  from  0  to  100;  a  high  similarity  index  indi¬ 
cates  that  two  areas  derive  substantial  portions  of  their  har¬ 
vest  from  the  same  source  areas.  In  each  figure  the  sources 
of  harvest  for  the  area  are  compared  with  sources  of  har¬ 
vest  for  all  other  areas.  Similarity  indices  equaling  or 
exceeding  50  (midpoint  of  the  range  of  possible  values)  are 
shaded. 

Figures  are  ordered  in  a  general  north-to-south  .sequence 
within  flyways,  which  are  in  turn  ordered  from  we.st  to  east. 
The  Canadian  Provinces,  however,  are  illustrated  first. 


Fig.  D-1.  Percent  derivation  of  the  mallard  harvest  in  British 
Coltnnhia  (shaded)  from  major  breeding  reference  areas. 


Fig.  D-2.  Mallard  harvest  derivation  similarity  indices  for  British 
Columbia  (hatched)  compared  with  indices  for  other  harvest 


areas. 
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Fig.  D-3.  Percent  derivation  of  the  mallard  harvest  in  Alberta  Fig.  D-4.  Mallard  harvest  derivation  similarity  indices  for  A//7er^r/ 
(shaded)  from  major  breeding  reference  areas.  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-5.  Percent  derivation  of  the  mallard  harvest  in  Fig.  D-6.  Mallard  harvest  derivation  similarity  indices  for  Sas- 
Saskatchewan  (shaded)  from  major  breeding  reference  areas.  katchewan  (hatched)  compared  with  indices  for  other  harvest 

areas. 
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Fig.  D-7.  Percent  derivation  of  the  mallard  harvest  in  Manitoba  Fig.  D-8.  Mallard  harvest  derivation  similarity  indices  for  Mani- 
(shaded)  from  major  breeding  reference  areas.  toba  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-9.  Percent  derivation  of  the  mallard  harvest  in  Ontario  Fig.  D-10.  Mallard  harvest  derivation  similarity  indices  for  On- 
(shaded)  from  major  breeding  reference  areas.  tario  (hatched)  compared  with  indices  for  other  harvest  areas. 
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Fig.  D-11.  Percent  derivation  of  the  mallard  harve.st  in  Washing-  Fig.  D-12.  Mallard  harve.st  derivation  similarity  indices  for  Wash- 
ton  (shaded)  from  major  breeding  reference  areas.  ington  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-13.  Percent  derivation  of  the  mallard  harvest  in  Oregon  Fig.  D-14.  Mallard  harvest  derivation  similarity  indices  for  Ore- 
(shaded)  from  major  breeding  reference  areas.  gon  (hatched)  compared  with  indices  for  other  harvest  areas 
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Fig.  D-15.  Percent  derivation  of  the  mallard  harvest  in  California  Fig.  D-16.  Mallard  harvest  derivation  similarity  indices  for  Coli- 
(shaded)  from  major  breeding  reference  areas.  fornia  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-17.  Percent  derivation  of  the  mallard  harvest  in  Western  Fig.  D-18.  Mallard  harvest  derivation  similarity  indices  for  West- 
Montana  (shaded)  from  major  breeding  reference  areas.  ern  Montana  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 
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Fig.  D-19.  Percent  derivation  of  the  mallard  harvest  in  Idaho 
(shaded)  from  major  breeding  reference  areas. 


Fig.  D-20.  Mallard  harvest  derivation  similarity  indices  for  Idaho 
(hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-21.  Percent  derivation  of  the  mallard  harvest  in 
(shaded)  from  major  breeding  reference  areas. 


Utah  Fig.  D-22.  Mallard  harvest  derivation  similarity  indices  for  Utah 
(hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-23.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-24.  Mallard  harvest  derivation  similarity  indices  for  East- 
Montana  (shaded)  from  major  breeding  reference  areas.  ern  Montana  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 


Fig.  D-25.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-26.  Mallard  harvest  derivation  similarity  indices  ior  East- 
Wijomin^  (shaded)  from  major  breeding  reference  areas.  ern  Wyoming  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 
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Fig.  D-27.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-28.  Mallard  harvest  derivation  similarity  indices  for  East- 
Colorado  (shaded)  from  major  breeding  reference  areas.  crn  Colorado  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 


Fig.  D-29.  Percent  derivation  of  the  mallard  harvest  in  Western  Fig.  D-30.  Mallard  harvest  derivation  similarity  indices  for  West- 
North  Dakota  (shaded)  from  major  breeding  reference  areas.  ern  North  Dakota  (hatched)  compared  with  indices  for  other 

harvest  areas. 
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Fig.  D-31.  Percent  derivation  of  the  mallard  harvest  in  Western  Fig.  D-32.  Mallard  harvest  derivation  similarity  indices  for  West- 
Nehraska  (shaded)  from  major  breeding  reference  areas.  ern  Nebraska  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 


Fig.  D-33.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-34.  Mallard  harvest  derivation  similarity  indices  for  East- 
North  Dakota  (shaded)  from  major  breeding  reference  areas.  ern  North  Dakota  (hatched)  compared  with  indices  for  other 

harvest  areas. 
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Fig.  D  -35.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-36.  Mallard  harvest  derivation  similarity  indices  for  Easi- 
South  Dakota  (shaded)  from  major  breeding  reference  areas.  ern  South  Dakota  (hatched)  compared  with  indices  for  other 

harvest  areas. 


Fig.  D  -37.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-38.  Mallard  harvest  derivation  similarity  indices  for  East- 
Nehraska  (shaded)  from  major  breeding  reference  areas.  ern  Nebraska  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 
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Fig.  D-39.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-40.  Mallard  harvest  derivation  similarity  indices  for  East- 
Katisas  (shaded)  from  major  breeding  reference  areas.  ern  Kansas  (hatched)  compared  with  indices  for  other  harvest 

areas. 


Fig.  D-41.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-42.  Mallard  harvest  derivation  similarity  indices  for  East- 
Oklahoma  (shaded)  from  major  breeding  reference  areas.  ern  Oklahoma  (hatched)  compared  with  indices  for  other  har¬ 

vest  areas. 
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Fig.  D-43.  Percent  derivation  of  the  mallard  harvest  in  Eastern  Fig.  D-44.  Mallard  harvest  derivation  similarity  indices  for  East- 
Texas  (shaded)  from  major  breeding  reference  areas.  ern  Texas  (hatched)  compared  with  indices  for  other  harvest 

areas. 


Fig.  D  -45.  Percent  derivation  of  the  mallard  harvest  in  Minnesota 
(shaded)  from  major  breeding  reference  areas. 


Fig.  D-46.  Mallard  harvest  derivation  similarity  indices  for  Minne¬ 
sota  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-47.  Percent  derivation  of  the  mallard  harvest  in  Wiscon-  Fig.  D-48.  Mallard  harvest  derivation  similarity  indices  for  Wis~ 
sin  (shaded)  from  major  breeding  reference  areas.  consin  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-49.  Percent  derivation  of  the  mallard  harvest  in  Michigan  Fig.  D-50.  Mallard  harvest  derivation  similarity  indices  for  Michi- 
(shaded)  from  major  breeding  reference  areas,  gan  (hatched)  compared  with  indices  for  other  harvest  areas. 
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Fig.  D-51.  Percent  derivation  of  the  mallard  harvest  in  Iowa  Fig.  D>52.  Mallard  harvest  derivation  similarity  indices  for /oma 
(shaded)  from  major  breeding  reference  areas.  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-53.  Percent  derivation  of  the  mallard  harvest  in  IJIinois  Fig.  D-54.  Mallard  harvest  derivation  similarity  indices  for  lUi- 
(shaded)  from  major  breeding  reference  areas,  nois  (hatched)  compared  with  indices  for  other  harvest  areas. 
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Fig.  D-55.  Percent  derivation  of  the  mallard  harvest  in  Missouri  Fig.  D-56.  Mallard  harvest  derivation  similarity  indices  for  Missouri 
(shaded)  from  major  breeding  reference  areas.  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-57.  Percent  derivation  of  the  mallard  harvest  in  Penn Fig.  D-58.  Mallard  harvest  derivation  similarity  indices  for 
(shaded)  from  major  breeding  reference  areas.  Tennessee  (hatched)  compared  with  indices  for  other  harvest 

areas. 
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Fig.  D-59.  Percent  derivation  of  the  mallard  harvest  in  Arkansas 
(shaded)  from  major  breeding  reference  areas. 


Fig.  D-60.  Mallard  harvest  derivation  similarity  indices  for 
Arkansas  (hatched)  compared  with  indices  for  other  harvest 
areas. 


Fig.  D-61.  Percent  derivation  of  the  mallard  harvest  in  Louisiana 
(shaded)  from  major  breeding  reference  areas. 
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Fig.  D-63.  Percent  derivation  of  the  mallard  harvest  in  Mississippi  Fig.  D-64.  Mallard  harvest  derivation  similarity  indices  for  Mis- 
(shaded)  from  major  breeding  reference  areas.  sissippi  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-65.  Percent  derivation  of  the  mallard  harvest  in  New  York  Fig.  D-66.  Mallard  harvest  derivation  similarity  indices  for  New 
(shaded)  from  major  breeding  reference  areas.  York  (hatched)  compared  with  indices  for  other  harvest  areas. 
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Fig.  D~67.  Percent  derivation  of  the  mallard  harvest  in  Pennsyl-  Fig.  D-68.  Mallard  harvest  derivation  similarity  indices  for  Penn- 
vania  (shaded)  from  major  breeding  reference  areas.  sylvania  (hatched)  compared  with  indices  for  other  harvest  areas. 


Fig.  D-69.  Percent  derivation  of  the  mallard  harvest  in  South  Caro-  Fig.  D-70.  Mallard  harvest  derivation  similarity  indices  for  South 
lina  (shaded)  from  major  breeding  reference  areas.  Carolina  (hatched)  compared  with  indices  for  other  harvest 

areas. 
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Appendix  E 

Temporal  (Within-season)  Derivation  of  the  Total  Mallard  Harvest 


Temporal  (within-season)  derivation  of  the  mallard  har¬ 
vest  is  estimated  here  for  weekly  periods  during  which  we 
estimate  that  1%  or  more  of  the  area’s  harvest  occurred. 
Weeks  of  less  importance,  as  far  as  harvest  levels  are  con¬ 
cerned,  are  not  tabulated.  Temporal  derivation  of  the  total 
mallard  harvest  was  based  on  1961-75  recoveries  each 
adjusted  for  band  reporting  rate,  population  weighted,  and 
then  measured  against  the  season’s  harvest  and  converted 
to  percentages.  Week  1,  common  to  all  harvest  areas,  begins 
on  1  September.  These  estimates  are  affected  by  such  fac¬ 
tors  as  annual  population  fluctuations,  changes  in  band¬ 
ing  intensity,  hunting  pressure,  timing  of  migration,  and 
changes  in  hunting  regulations.  Variations  in  season  open¬ 
ing  dates  and  changes  to  split-season  frameworks  are  of  par¬ 
ticular  concern.  For  these  and  other  reasons  caution  must 
be  exercised  when  interpreting  these  data.  Dates  of  weekly 
periods  are  shown  in  Table  E-1. 


Table  E~ 1 .  Dabes  of  weekly  periods 
bhab  correspond  bo  bhose  shown  in 
Table  E~2. 


Week 

D  a 

y 

and  Monbh 

1 

1 

-  7 

Sepbember 

2 

8 

-  14 

Sepbember 

3 

15 

-  21 

Sepbember 

4 

22 

-  28 

Sepbember 

5 

29 

Sepb 

ember  -  5  Ocbober 

6 

6 

-  12 

Ocbober 

7 

13 

“  19 

Ocbober 

8 

20 

-  26 

Ocbober 

9 

27 

Ocboi 

ber  "  2  November 

10 

3 

“  9 

November 

1  1 

10 

“  16 

November 

12 

17 

-  23 

November 

13 

24 

-  30 

November 

14 

1 

-  7 

December 

15 

8 

-  14 

December 

16 

15 

-  21 

December 

17 

22 

-  28 

December 

18 

29 

December  -  4  January 

19 

5 

-  1  1 

January 

20 

12 

-  18 

January 

21 

19 

-  25 

January 

22 

26 

Janu; 

ary  -  1  February 

23 

2 

-  8 

February 

24 

9 

-  15 

February 

Table  E-2.  Temporal  derivation  of  the  total  mallard  harvest  by  harvest  area  by  week  for  weeks  that 
contributed  1%  or  more  of  tfie  area’s  harvest  (1961-75  hunting  seasons  combined).^ 
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As  the  Nation’s  principal  conservation  agency,  the  Department  of  the 
Interior  has  responsibility  for  most  of  our  nationally  owned  public  lands 
and  natural  resources.  This  includes  fostering  the  wisest  use  of  our  land 
and  water  resources,  protecting  our  fish  and  wildlife,  preserving  the 
environmental  and  cultural  values  of  our  national  parks  and  historical 
places,  and  providing  for  the  enjoyment  of  life  through  outdoor 
recreation.  The  Department  assesses  our  energy  and  mineral  resources 
and  works  to  assure  that  their  development  is  in  the  best  interests  of  all 
our  people.  The  Department  also  has  a  major  responsibility  for  American 
Indian  reservation  communities  and  for  people  who  live  in  island 
territories  under  U.S.  administration. 
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